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METHOD AND DEVICE FOR REDUCING SMEAR 
IN A ROLLED F INGERPRINT IMAGE 
5 Background of the Invention 

The invention relates to electronic fingerprint 
image capture systems, and, in particular, to a method of 
reducing smearing in a captured rolled fingerprint image. 

The traditional method of obtaining a fingerprint 
10 image is to first apply ink to a subject's finger, and 
then to transfer the fingerprint pattern of ridges and 
valleys to a piece of paper by pressing the finger to the 
paper. The fingerprint pattern of ridges transfers to 
the paper, while the valleys do not. To obtain a rolled 
15 fingerprint image, a side of an inked finger is placed in 
a designated area of the paper and then the finger is 
rolled to its other side on the paper. 

Opto-electronic systems can capture a rolled 
fingerprint image without the use of ink. Typically, a 
20 series of optical images of a rolling finger on an 

imaging surface are propagated from an imaging device and 
converted to digital data. A variety of methods can be 
used to generate a rolled fingerprint image from the 
digital data representative of the series of images. One 
25 method is disclosed in U.S. Patent No. 4,933,976. 
According to this method, the propagated images are 
sequentially stored in the form of digital arrays of 
image data. Active areas of the arrays representative of 
fingerprint features are identified as a mathematical 
30 function of the stored image data. If adjacent two- 
dimensional active areas have sufficient overlap, then * 
they are merged according to a mathematical function of 
; 'the data in the overlap region to form a composite array 
characteristic of the rolled fingerprint image. The 
35 mathematical function in the composite array generating 
step is an average, a comparison or an average and a 
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comparison of the overlapping data in adjacent active 
areas . 

Another method is used in the model TP-600 system, 
produced by Identix, Inc. of Sunnyvale, California. The 
5 TP- 600 includes an optical system having a large charge 
coupled device (CCD) imager that accommodates the entire 
imaging surface of an optical platen. The CCD output is 
an analog signal characteristic of light and dark 
patterns on the imaging surface. When a finger is placed 

10 on the platen, the analog signal has lower values 

(darker) for fingerprint ridge information and higher 
values (lighter) for fingerprint valley information, 
similar to what occurs when ink is used for 
fingerprinting. The analog signal is applied to an 

15 analog-to-digital (A/D) converter, the output of which is 
digital image data used to update the content of an array 
in image memory by means of a minimum function. Each 
element in the array initially has a value that 
represents the light intensity imaged at a corresponding 

20 location on the platen. As the finger is rolled across 
the imaging surface of the platen, the data in the image 
memory is developed and updated. 

The minimum function operates by preserving pixel 
values in image memory that are lower than the 

25 corresponding values of the incoming image data. If the 
value of the current image data is lower than the 
corresponding pixel value in image memory, then the lower 
image data value displaces the higher value in the array. 
Thus, for every location where a finger ridge contacts 

30 »■ the imaging surface a lower pixel value (darker) is 

preserved in image memory. The contents of image memory 
are output to peripheral devices for storing a captured 
rolled fingerprint image and for real-time display of the 
developing rolled fingerprint image. 
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While using the minimum function method of 
acquiring a rolled print by saving the darkest intensity 
value will produce a good quality print, free of 
recognizable artifacts, and will be insensitive to the 
5 speed with which the finger is rolled, some areas of the 
print tend to have a smeared characteristic, reducing the 
differentiation between ridges and valleys. This effect 
occurs where the finger slides on the imaging surface 
while still in contact. The smearing often occurs at the 

10 tip of the finger and at the edge of the contacting area 
The use of tacky coatings on the contact surface reduces 
overall slippage, but the rounded geometry of the finger 
makes tip smear a continuing problem. While smearing is 
found in inked prints as well as those obtained by the 

15 opto-electronic system, it would be advantageous for the 
opto-electronic systems to improve the clarity of the 
image in the areas in which slip occurs. 

Summary of the invention 
The invention provides a method of reducing smear 
20 ln a rolled fingerprint image represented by a rolled 
image array. The method includes the step of generating 
a series of frames of an optical image signal, wherein 
the optical image signal includes data characteristic of 
light intensities of corresponding locations of an 
25 optical image, wherein the optical image includes a 

fingerprint image of a finger rolling on a surface The 
method also includes determining, for each frame of the 
optical image signal, a freeze column representing a line 
positioned between leading and trailing edges of the 
30 fingerprint image and oriented transverse to a direction 
of roll of the finger. The method further includes 
sequentially updating an interim array that is an 
accumulation of the frames of the optical image signal 
and characteristic of an interim image of a rolled 
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fingerprint. A current update of the interim array is 
formed by reducing pixel values of the interim array with 
a portion of the difference between the corresponding 
data values from the current frame of the optical image 
5 signal and the pixel values of the interim array only if 
the corresponding data values of the current frame of the 
optical image signal are less (characteristic of darker 
features) than the corresponding pixel values of the 
interim array. The rolled image array is generated by 
10 transferring portions of the interim array to the rolled 
image array in concert with the movement of the finger 
image in the optical input signal. 

During each update cycle, a new freeze column is 
determined at a position near a midpoint of a finger 
15 contact area which in turn is determined from the leading 
and trailing edges of the fingerprint image associated 
with a current frame of the optical image signal. The 
rolled image array may be initialized with a trailing 
portion of a current interim array, the trailing portion 
20 being interim array data behind a current freeze column 
in a direction of finger roll. Each time a new freeze 
column is determined by a processor in the system, 
current interim array data between the current freeze 
column and the previous freeze column is transferred to 
25 the rolled fingerprint image array. Alternatively, 

current interim array data between the previous freeze 
column and data characteristic of the leading edge of the 
rolled fingerprint in the interim image is transferred to 
the rolled fingerprint image array each time a new freeze 
30 column is determined. In both cases, the trailing 

portion of the interim array behind the previous freeze 
column is not used to further update the rolled image 
array. Thus, the data in the rolled image array is 
frozen behind a freeze column that moves in the direction 
35 of finger roll and smearing in the rolled fingerprint 
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image due to finger movement behind that column is 
eliminated. 

In addition to eliminating smear in the rolled 
fingerprint image behind the freeze column, the invention 
5 preserves the benefits provided by the minimum function 
in merging a series of frames of the image data signal. 

Brief Description of the Drawing 
The accompanying drawings, which are incorporated 
and constitute a part of the specification, schematically 
10 illustrate an embodiment of the invention and, together 
with the general description given above and the detailed 
description of the embodiments given below, serve to 
explain the principles of the invention. 

Pig. 1 is a perspective view of an image capture 

15 device. 

Fig. 2 is a diagrammatic illustration of the prior 
art rolled fingerprint optical imaging system of the 
image capture device illustrated in Fig. l. 

Fig. 3 is a functional block diagram of the image 
20 capture device of Fig. 1. 

Fig. 4 is a functional block diagram of a portion 
of the image capture device of Fig. 1. 

Figs. 5A-E illustrate a series of optical images 
of a finger rolling on a platen. 
25 Fig S . 6A-6E illustrate a series of images 

represented in the image memory shown in Fig. 3 by an 
interim data array. The images temporally correspond 
with the images illustrated in Figs. 5A-5E, respectively. 
Figs. 7A-7E illustrate a series of images 
30 represented in output DRAM by a rolled fingerprint image 
array. The images temporally correspond with the images 
illustrated in Figs. 6A-6E, respectively. 

Figs. 8A-8E illustrate a series of images 
represented in display VRAM by a rolled fingerprint image 
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array. The images temporally correspond with the images 
illustrated in Figs. 6A-6E, respectively. 

Detailed Description of the Invention 
A smear reduction method for reducing the effects 
5 of smearing in rolled fingerprint images is provided. 
Referring to Fig. 1, the smear reduction method may be 
incorporated into the operation of a model TP- 600 
fingerprint capture device 10, manufactured by Identix, 
Inc., the assignee of the subject matter of this 
10 application. 

The TP- 600 includes separate imaging systems for 
obtaining a rolled fingerprint image and for obtaining a 
plain, or slap image. The plain fingerprint imaging 
system 12 produces an analog signal representing the 
15 image of one or more fingers pressed to a plain print 
platen 14, and a rolled fingerprint imaging system 16 
that produces an analog signal representing the image of 
a finger 18 being rolled across a rolled print platen 20. 
Referring now also to Fig. 2, each imaging system 
20 includes an illumination source 22, optics 24, and a 

large CCD imaging device 26 that accommodates the entire 
image from the platen surface. In the described 
embodiment, the CCD imaging device 26 for the rolled 
fingerprint image is a model TC217 CCD imaging array, 
25 available from Texas Instruments, Inc. of Dallas, Texas. 
Although only one mirror is shown in Fig. 2, optics 24 
actually includes a combination of prisms, mirrors, and 
lenses selected and arranged to bring the image from the 
platen surface to the CCD imaging device 26. The plain 
30 print platen 14 is wider than the rolled print platen 20 
to accommodate four fingers rather than one finger on its 
surface, and its optics 24 are arranged differently to 
accommodate the larger imaging surface. The purpose of 
each system is to present a fingerprint image at the 
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surface of a CCD imaging device when a finger is applied 
to the imaging surface of the platen. 

Referring now to Pig. 3, the output of the CCD 
imaging device 26 is an analog signal 32 which is applied 
5 to an image capture system 28. The illumination and 
imaging, and the CCD output convention employed present 
an image signal that has lower values (darker) for ridge 
information and higher values (lighter) for valley 
information. 

10 A Processor 30 is used to manage the transport of 

data between and through each functional element of the 
system and to perform other "housekeeping" functions such 
as writing text to an image display monitor 60 in the 
image display and output system 34, intercepting switch 

15 closures and performing system start-up and shut-down 
operations. As will be described in greater detail 
below, the processor 30 also actively manages the 
processing of image data as the finger is rolled on the 
platen surface in forming a rolled fingerprint image. 

20 For the described embodiment, a graphic processor 
manufactured by Texas Instruments, Inc., part number 
TMS34020, is used. This particular processor supports 
special functions for processing two-dimensional arrays 
in memory. A copy of the source code in C language for 

25 operating the TP-600 is included in the microfiche 
appendix. 

Referring now also to Pig. 4, the analog signal 32 
from the CCD imaging device 26 of the imaging system 16 
is applied to an analog- to-digital (A/D) converter 36 

30 that is part of image capture system 28. Because the 
illumination of the fingerprint is not uniform in the 
scanner, the data values of the A/D output digital data 
35 are individually scaled by an equalization look-up 
table (Equ LUT) 38 according to table values stored in 

35 the equalization memory (Equ DRAM) 40. The stored 
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reference values correspond to an image of the surface of 
a blank platen 20 , smoothed to eliminate noise and 
surface contamination. 

The output from Equ LUT 38 is an optical image 
5 signal 42 in the form of a stream of digital data that 
can be grouped in frames. The data have values which are 
characteristic of the light intensity of corresponding 
locations of the imaging surface of the platen 20. Each 
frame corresponds to an image of the platen at a 
10 different time. The data values are updated about 
fifteen times a second. Thus, about 25-35 frames of 
optical image signal 42 are generated during the time it 
takes for the finger 18 to roll across the surface of the 
platen 20. 

15 The optical image signal 42 is used to update the 

content of an image memory 44 , which holds a 968 X 968 
pixel interim data array, by means of a functional 
element identified as a "minimum function" look-up table 
(Min LUT) 48. This size array is sufficient to produce 

20 an image with a resolution of 600 dots per inch. The 
inputs to Min LUT 48 are the A/D converter output 35 as 
modified by Equ LUT 38, which is the current optical 
image signal 42, and the corresponding old interim data 
array pixel values 46 which are to be updated. The 

25 "latest value" is input from the current frame of optical ^ 
image signal 42 and the "old value" is input from the 
current interim data array, as most recently updated by 
the previous frame of optical image signal 42 . 

In the simplest implementation, the Min LUT 48 

30 computes F n i,j' the new pixel value 49 of the interim data 
array at row i and column j , as a minimum, F° ifj = 
min(I D l(j , F n " l i,j) , where I n is the input datum value of the 
nth frame from the Equ LUT 38 and F*" 1 ^ is the feedback 46 
from the image memory 44 from the preceding frame. The 

35 output signal 49 of Min LUT 48, for each pixel of interim 
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data array, is the lower value of its two inputs, as 
suggested by its name. For each datum output by the A/D 
converter 36 (as modified by Equ LUT 38 to form optical 
image signal 42), the corresponding pixel of interim data 
5 array in the image memory 44 is updated. 

It is not necessary to store the digital data 35 
output from A/D converter 36 and the optical image signal 
42 from Equ LUT 38 as arrays before being processed by 
Min LUT 48. The values of output data 49 from Min LUT 48 
10 used to update the interim data array depend only on the 
corresponding datum values of the optical image signal 42 
and on the old corresponding pixel values 46 of interim 
data array. For every location where a finger ridge 
contacts the imaging surface of the platen 20, a lower 
15 pixel value (darker) is preserved. The result of this 
technique is that as the finger 18 is rolled across the 
imaging surface of platen 20, an interim rolled 
fingerprint image is constructed in image memory 44. 
This process has been found to eliminate artifacts such 
20 as fingerprint features or discontinuities that are not 
part of the true fingerprint. 

When performing a capture of a rolled fingerprint 
image, the interim data array in image memory 44 must be 
initialized since feedback is involved. One way to 
25 initialize image memory 44 is to set all the pixel values 
to a maximum value. Then the interim data array in image 
memory 44 will immediately reflect any data that is input 
in the next frame. In another embodiment, interim data 
array can be initialized by setting up Min LUT 48 as a 
30 straight -through function such that its output is the 
same as the optical image signal 42 input from the Equ 
LUT 38. The first frame of optical image signal 42 can 
then update the image memory 44 independently of what is 
already stored. 
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As the finger 18 is rolled, the edges of the 
contact area of the finger on the platen may move fairly 
rapidly with respect to the frame update rate. This may 
cause some discontinuities to occur between the 
5 interlaced fields of the video. Similarly, the tip of 
the finger often slides as it contacts the platen, 
causing discontinuities. To resolve this problem, the 
function loaded into the Min LUT 48 can be modified from 
a strict minimum such that when the input datum value I n 
10 is less than the previous interim array value F n the 
interim array value is reduced by a portion of the 
difference, F n = F*" 1 - JCMF" 1 - I n ) , where K is a factor 
less than or equal to one that sets how fast the value in 
a pixel may change- Noticeable improvement in the image 
15 quality can be obtained with K in a range of 0.25 to 0.5. 
For the described embodiment, K is set to approximately 
0.33. This function causes the conditions of concern to 
appear as gray smears instead of jagged discontinuities, 
since the conditions are often only present for a small 
20 number of frames. 

The Min LUT 48 has a 64 Kb x 8 SRAM and registers 
to pipeline the input and output. A 64 Kb address space 
requires 16 address lines. The two 8 -bit inputs to the 
Min LUT 48 are tied to 8 address lines each. Thus, for 
25 each set of the two input values there is one 

corresponding location in the SRAM which contains the 
desired value to be output. This implementation is very 
unrestrictive, since any function can be implemented in a 
tabular form. The different functions to be used in the 
30 Min LUT 48 are typically precomputed and stored in a Main 
DRAM 54 and then loaded into the SRAM when needed. 

Image memory 44 includes two redundant memories, 
Min DRAM 50 and Catch VRAM 52. They independently and 
simultaneously hold the same interim data array for 
35 transfer to image display and output system 34. Image 
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display and output system 34 includes a main output 
memory 54 (located in Main DRAM) and a display memory 56 
(located in Display VRAM) that receive data transferred 
by processor 30 from Min DRAM 50 and Catch VRAM 52, 
5 respectively. The display memory 56 is used to provide 
information to the operator in real-time. The display 
memory 56 receives image information along with 
fingerprint placement cursors and text information 
providing instructional information to the operator. The 
10 display memory 56 typically contains less information 
than that contained in image memory 44 or output memory 
54 for reasons of data efficiency, display raster size, 
and other display limitations. The output memory 54 does 
not contain text information and finger placement cursor 
15 information. This memory contains all the high quality 
image data. 

The interim data array in image memory 44 
represents an interim rolled fingerprint image, and could 
be transferred in its entirety with each frame to output 
20 memory 54 or display memory 56 to form a rolled 

fingerprint image array. This is the method of the prior 
art TP-600. However, if the finger 18 slips on the 
imaging surface of the platen 20 when the interim data 
array is being formed, then the rolled fingerprint image 
25 will appear smeared, similar to what happens with the ink 
and paper method of obtaining a rolled fingerprint image. 
The smear reduction method of the invention reduces 
smearing in the rolled fingerprint image by transferring 
to output memory 54 and display memory 56 only a selected 
30 portion of the interim data array 46 with each video 
frame . 

Typically, an operator will preview the finger 
image prior to entering a capture mode to obtain the 
rolled fingerprint image. In order to place the finger 
35 20 properly on the platen 18, it is helpful to be able to 



WO 97/41528 



PCT/US97/07427 



- 12 - 

center the finger while viewing the image of the finger 
on a display monitor 60. The operator sets Min LUT 48 to 
the straight -through function and rolls the finger to one 
side to prepare for the capture of the rolled image. The 
5 image displayed is then not a rolled image but a direct 
image of the finger 18 on the platen 20. Since the 
capture mode is entered after a scan button is pressed, 
the data in the image memory 44 at the end of the preview 
mode serves to initialize that memory for the capture. 
10 Referring now to Fig. 5A, the first frame of 

optical image signal 42 after capture mode is entered 
represents an optical image 62a of the surface of the 
platen 20, including an image of contact area 64a of the 
finger 18 on platen 20. (The cross-hatching in the 
15 drawing indicates fingerprint features.) In Fig. 5B, 
contact area 64b is to the right of the location of 
contact area 64a, indicating that the finger 18 has 
rolled to the right. The contact area 64 continues to 
move incrementally to the right in Figs. 5C and 5D. In 
20 Fig. 5E, the contact area 64e has shrunk in size from 
previous contact area 64d, as the finger 18 is lifted 
from the platen 20. 

As the capture mode is entered, the Min LUT 48 is 
restored to the modified minimum function, as described 
25 above. Referring now also to Fig. 6A, the most recent 
frame of optical image signal 42 that was passed through 
Min LUT 48 becomes an initial frame of interim data 
array, which is characteristic of an interim image 66a 
that includes interim rolled fingerprint image 68a. 
30 interim rolled fingerprint image 68a, in this embodiment, 
is the same as the corresponding contact area 64a 
illustrated in Fig. 5A. Alternatively, interim data 
array can be initialized with all high pixel values, 
indicative of a blank, illuminated platen (not shown) . 
35 Min LUT 48 can then update interim data array using the 
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modified minimum function, with a first frame of optical 
image signal, represented by optical image 62a, as one 
input and corresponding pixel values of the "blank" 
interim data array as the other input. The resulting 
5 interim data array is essentially the same in either 
case . 

The interim data array is next updated when the 
second frame of optical image signal 42, represented by 
optical image 62b in Fig. 5B, is processed through Min 

10 LUT 48 with corresponding pixel values 49 of the interim 
data array, represented by the previous interim image 
66a. The updated interim data array is now 
characteristic of an interim image 66b that includes 
interim rolled fingerprint image 68b, illustrated in Fig. 

15 6B. Similarly, Fig. 6C illustrates interim image 66c and 
interim rolled fingerprint image 68c, which are 
represented by interim data array in image memory 44 
after being updated with the next frame of image signal 
42, which is represented by optical image 62c, 

20 illustrated in Fig. SC. Figs. 6D and 6E illustrate 
respective interim images 66d, 66e and interim rolled 
fingerprint images 68d, 68e represented by subsequent 
updates to interim data array. 

Contact area detection can be done in many ways. 

25 One method is to finely segment the optical image signal 
42 and then compute the variance of the data values in 
each of the segments. A segment with a small variance is 
considered to have no contact. Another way is to 
threshold each data value and to consider it contacted 

30 when' the value drops below a fixed level. This is 

acceptable when the image background is equalized by Equ 
LUT 38 since then a fixed level corresponds to a 
consistent degree of contact across the complete image. 
The bottom or tag bit (bit 0) of interim data 
35 array in image memory 44 is allocated to the function of 
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indicating contact. Since Min LUT 48 is completely 
flexible as to what is programmed into it, the function 
for the tag bit 0 may be handled separately from bits 1- 
7. The tag bit is set to 1 if the input value to Min LUT 
5 48 from optical image signal 42 is less than a threshold 
T. The information reflecting the contact area 64 is 
thus available in the tag bit 0 of the Min DRAM 50 and 
Catch VRAM 52 as a binary images 70a- 7 Oe, which have 
outlines indicated in Figs 6A-6E, respectively, by gashed 

10 lines. The accumulated gray-scale interim images 66a- 66e 
are available in the upper bits 1-7 of the Min DRAM 50 
and in the Catch VRAM 52 of image memory 44. It will be 
understood that the processor 30 can determine the binary 
images 70a-70e even when Min LUT 48 is in preview mode in 

15 which the optical image signal is passed through to image 
memory 44 . 

The contact area 64 of the fingerprint represented 
by each frame of optical image signal 42 can be modeled 
most simply by a contact strip 72, with a left edge 74 
20 and a right edge 76. The contact area 64 usually has a 
convex perimeter, but we have found it acceptable to 
consider contact strip 72 to be rectangular- shaped, with 
the left edge 74 as the column at the left -most edge of 
the contact area 64 and the right edge 76 as the column 
25 at the right-most edge of the contact area 64. The 
processor 30 determines the right edge 76 and left 
edge 74 of the contact strip 72 from binary contact 
image, generally referred to by reference numeral 70, in 
the Catch VRAM 52, This is done in a time frame 
30 comparable to the frame update rate in order to keep up 
with the rolling finger. 

One way to determine the contact strip 72 is to 
examine one row of tag bits across the center of the 
binary contact image 70 . The left-most tagged pixel is 
35 found by searching for the first tagged bit in the row 
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from the left edge of interim data array, and the right- 
most tagged pixel is found by searching for the first 
tagged bit in the row from the right edge of interim data 
array. The left edge 74 and right edge 76 of the contact 
5 strip 72 are then identified with the left -most tagged 
pixel and the right -most tagged pixel . 

Dirt or contaminants present on the platen 20 can 
cause isolated pixels out of the contact area 64 to be 
tagged in forming the binary contact image 70 . The 
10 fingerprint is composed of ridges which may align with 
the line being checked such that a valley will confuse 
the location of an edge. These problems can be reduced 
by examining a vertical band 78 that includes a number of 
horizontal lines near the center of the binary contact 
15 image 70. For example, a vertical band 78 of 10 lines 
spaced; 4 lines apart across the middle of the binary 
contact image 70 can be used. 

Using only the left -most tagged pixel as the left 
edge 74 of the contact strip 72, even when using more 
20 than one line hear the center of the binary contact image 
70, can still be too sensitive to the presence of dirt 
and falsely indicate contact or distort the finger image 
at the edges of the contact area 64. To mitigate this 
problem, in one embodiment, a number of tagged pixels are 
25 counted from the left side of the binary contact image 70 
before establishing a column as the left edge 74 of the 
contact strip 72. The processor 30 determines the right 
edge 76 of the contact strip 72 in a similar procedure. 
The left and right edges 74, 76 of the contact strip 72 
30 are established as the 10th tagged pixel in from the 
outside edges. 

The processor 30 supports a special mode which 
allows processing operations to be performed during a 
two-dimensional block transfer. One of the operations is 
35 a logical OR. Thus a number of rows may be transferred 
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to one final row while performing a logical OR. The 
destination row thus provides an indication of the 
contact strip over a band 78 instead of a single line. 

By identifying the contact strip 72, the processor 
5 30 is able to perform several other new functions. It 
keeps track of the left edge 74 and right edge 76 of the 
contact strip 72, and determines when the finger 18 is 
placed upon the blank platen 20, when the finger 18 is 
rolled and in what direction, and when the finger 18 is 
10 lifted from the platen 20. 

When the finger 18 is initially placed on the 
blank platen 20, the left edge of the finger contacting 
the platen will be beyond the right edge in a direction 
from right to left. As the finger 18 is placed down, the 
15 contact strip 72 will have a positive width between the 
right edge 76 and the left edge 74. As long as the left 
edge 74 of the contact strip 72 keeps going left and the 
right edge 76 of the contact strip 72 keeps going right, 
it can be considered that the finger IB is still in the 
20 process of being placed on the platen 20, with the 

contact strip 72 growing. If the finger 18 is already on 
the platen 20, the contact strip 72 will start at a 
positive value. This is the most common situation, when 
the preview mode is used to place the finger 18 and roll 
25 it back to the starting position. The finger 18 usually 
is not raised again before the capture mode is started. 

The processor 30 determines that the rolling of 
the finger 18 has begun when one edge of the contact 
strip 72 starts to go inward instead of outward. For 
30 example, when the left edge 74 starts to go right, as 
illustrated in Figs. 6A-6D, the processor 30 determines 
that the finger 18 is being rolled right, in which case 
the right edge 76 is the leading edge and the left edge 
74 the trailing edge of the rolling finger. If, instead, 
35 the right edge 76 begins to go left, the processor 30 
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determines that the finger 18 is being rolled left, in 
which case the left edge 74 is the leading edge and the 
right edge 76 is the trailing edge of the rolling finger. 
A small tolerance for jitter is allowed by determining 
5 that rolling is begun when the left edge 74 (or right 
edge 76) of the contact strip 72 moves back from its most 
extreme position by a small number of pixels, nominally 
5. If the left edge 74 is moving right and the right 
edge 76 moving left for a predetermined number of frames, 
10 then the processor 30 determines that the finger 18 is 
being lifted from the platen 20. 

The processor also determines from each frame of 
image signal 42 a freeze column 80 which corresponds with 
a position in the contact area 64, or binary image 70, 
15 located between the left edge 74 and right edge 76 of the 
contact strip 72 for each frame. In one embodiment, the 
freeze column 80 corresponds to a position located 
approximately half the distance from the trailing edge to 
the leading edge. In another embodiment, the freeze 
20 column corresponds to a position located more than half 
the distance from the trailing edge to the leading edge. 

Instead of transferring the entire interim data 
array to output memory 54 only after the finger 18 is 
finished rolling across the image platen 20, as was done 
25 with prior art embodiments of the TP-600 device, the 
porocessor 30 transfers a portion of the interim data 
array to output memory with each new frame as the finger 
rolls. The processor 30 ceases to update a portion of a 
rolled fingerprint image array in output memory 54 behind 
30 the freeze column determined from the preceding frame of 
optical image signal 42. The freeze column 80 moves in 
rincrements from frame to frame with the right and left 
edges 76, 74 of the contact strip 72 in the direction of 
roll. Since the data in the developing rolled 
35 fingerprint image array behind the freeze column 80 is 



WO 97/41528 



PCT/US97/07427 



- 18 - 

not updated, any image smearing that develops in a 
trailing portion of the interim image 62 represented by 
the interim data array does not show up in the rolled 
fingerprint image array. 
5 Referring now to Fig. 7A, an output rolled 

fingerprint image array in output memory 52 is 
initialized with high pixel values indicative of a blank 
background 82a. Referring now also to Fig. 7B, when the 
finger 18 starts to roll, the processor 30 updates the 
10 output rolled fingerprint image array in output memory 54 
by transferring a trailing portion of interim data array 
from image memory 44. The trailing portion can be, e.g., 
the trailing portion of interim data array characteristic 
of interim image 66b, starting with a column 
15 corresponding to the trailing edge 74 of the contact 
strip 72, up to and including the freeze column 80 
determined from the current optical image signal. Output 
rolled fingerprint image array at this point is 
indicative of rolled fingerprint image 82b, which 
20 includes transferred portion image 84b. As the finger 18 
rolls, the processor 30 updates the output memory 54 to 
keep up with the position of the approximate center of 
the moving contact strip 72. 

Each subsequent update to the rolled fingerprint 
25 image array in output memory is a portion of interim data 
array block- transferred from image memory 44. In one 
embodiment (see Figs. 8A-8E and related discussion 
infra) , the transferred portion of a current interim data 
array is characteristic of the interim rolled fingerprint 
30 image 68 up to approximately the leading edge, i.e., up 
to a column of the interim data array corresponding to 
the leading edge of the current contact strip 72. In 
another embodiment illustrated in Fig. 7C-7D, the 
transferred portion of the current interim data 
35 array from image memory 44 is narrower, and extends only 
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up to approximately the freeze column 80 of the current 
optical image signal. Fig. 7C illustrates output rolled 
fingerprint image 82c, with transferred portion image 
84c, after a corresponding portion of the current update 
of interim data array (see Fig. 6C) is transferred to the 
output rolled fingerprint image array. The transferred 
portion of interim data array in this instance includes 
all data to the right of freeze column 80b, i.e. in the 
direction of finger roll, up to and including freeze 
column 80c. Similarly, output rolled fingerprint image 
82d, illustrated in Fig. 7D, is represented by the output 
rolled fingerprint image array subsequent to a portion of 
a subsequent update and interim data array (see Fig. 6D) 
being transferred. The transferred portion includes all 
15 data to the right of freeze column 80c up to and 
including freeze column 80d. 

For the final update to the rolled fingerprint 
image array in output memory 54, the transferred portion 
extends from a column of interim data array corresponding 
20 to the freeze column determined from the preceding 

optical image signal 42 to at least the column of interim 
data array corresponding to the most extreme position of 
the leading edge of the contact strip 72. In all cases, 
the transferred portion of the current interim data 
25 array is characteristic of the interim rolled fingerprint 
image 68 forward from the line represented by the freeze 
column 80 derived from the preceding optical image signal 
42. For example, the final transferred portion, 
characteristic of transferred portion image 84e 
30 illustrated in Fig. 7E, is data interim data array which 
is characteristic of a portion of interim image 66e 
forward in the direction of finger roll from the previous 
freeze column 84d. 

Thus, the processor 30 freezes the output memory 
35 54 behind the moving freeze column 80, which is 
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characteristic of a vertical line corresponding to the 
approximate center of the moving contact strip 72 . No 
updating of the output memory 54 occurs behind that line. 
While this does not eliminate tip smear, it reduces it by 
5 about 50-60%. The smearing in the main part of the 

fingerprint due to the movement of the back edge of the 
* finger is eliminated. Since smear can still occur 
between the leading edge and the freeze column 80, the 
method can be improved by setting the freeze column 80 at 
10 a position closer to the leading edge, nominally five- 
eighths (5/8) of the distance between the trailing and 
leading edges. 

The processor 30 tracks the progress of the 
leading edge of the contact strip 72, which is the right 
15 edge 76 in the embodiment illustrated in Figs. 5-7. When 
the leading edge retreats from its farthest position by a 
selected number of columns as the finger 18 is lifted 
from the platen 20 , the processor 30 determines that the 
capture is completed, performs the final update to the 
20 output memory 54, and ceases to update the rolled 

fingerprint image array in output memory 54 any further. 
This prevents smear as the finger 18 is lifted from the 
platen 20. Thus, when the finger 18 lifts from the 
platen 20 or rolls backwards, the processor updates the 
25 output memory 54 with the forward portion of the interim 
data array and ceases any further updates. 

It is important to note that the processor 30 only 
passes though a portion of the contents of the image 
memory 44 to the output memory 54 at any time. This 
30 portion corresponds to a narrow strip of the interim data 
array located adjacent to, but not overlapping with, the 
freeze column defined by the previously passed through 
data. It is also worth noting that the data used to 
update the output memory 54 is not representative of a 
35 raw fingerprint image. Rather, the transferred data is 
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representative of the interim rolled fingerprint image 68 
produced by the Min LUT 48 in that narrow strip 84 since 
the finger 18 began to roll. 

A rolled fingerprint image is displayed as it is 
5 captured. The processor moves data to the display memory 
(VRAM) 56 from the Catch VRAM 52 in image memory 44. The 
data is then converted to video format through a digital- 
to-analog converter (D/A) 58 and output to display 
monitor 60. In the embodiment depicted in Pig. 4, the 
10 display monitor has a display area formed by a 720 X 720 
pixel array. The processor 3 0 decimates the image by one 
pixel column out of four and one row out of four during 
the transfer from the Catch VRAM 52 to the Display VRAM 
56 to fit the image into the display format. 
15 Referring now to Figs. 8A-8E, the processor 30 

updates the display memory 56 (in the reduced format 
described above) from the image memory 44 while the 
finger 18 rolls on the platen 20 to generate a display 
rolled fingerprint image array characteristic of a 
20 display rolled fingerprint image 86. As the finger 18 is 
being placed down, i.e. in preview mode, the entire 
interim data array, characteristic of interim image 66a 
(which is the same as optical image S2a) , is transferred 
to display VRAM 56 and displayed "live." In Pig. 8A, the 
25 live image is image 86a. As discussed above, when the 
capture mode is entered the data in interim data 
array representative of the contact strip 72 between the 
left and right edges 74, 76 of the binary contact image 
70 is updated. When the finger begins to roll, a portion 
30 of the data in interim data array from Catch VRAM 52, 
which is representative of the strip behind the current 
freeze column 80b relative to the direction of finger 
roll, is transferred to display rolled fingerprint image 
array. This strip, shown in Fig. 8B as strip image 88b, 
35 extends to the far left edge of interim image 66b and is 
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therefore representative of areas of the platen surface 
that are not contacted by the finger 20. Thereafter, the 
portions of data from the interim data 

array representative of a strip of interim image 66 just 
5 adjacent to, but not overlapping with the previous freeze 
column 80b, 80c, respectively, and up to the leading edge 
74 of the contact strip 72 are transferred from the Catch 
VRAM 52 to Display VRAM 56- These strips are illustrated 
in Figs. 7C and 7D as strip images 88c and 88d, 
10 respectively. This maintains a complete image 86c, 86d, 
respectively, of the developing rolling fingerprint image 
in the display rolled fingerprint image array in Display 
VRAM 56. Referring now also to Fig. 8E, when the capture 
is deemed complete, the portion of the interim data 
15 array representative of the forward strip 88e of the 

interim image 66e, from the previous freeze column 80d to 
the far forward edge of the interim data array is 
transferred to the display VRAM 56. This last update may 
also include data representative of areas to the far 
20 right edge of the platen 20 not contacted by the finger 
18. Each update is a portion of interim data array that 
has been processed by the minimum function 48. 

Many variations of the display method can be 
implemented with corresponding differences in the display 
25 quality. For example, whether to update blank areas to 
the right and left of the contact area, or whether to 
update from the output image memory or the catch memory, 
are options that can be traded-of f for processing 
efficiency. Another alternative is not to display 
30 anything forward of the current freeze column 80, for 
example, if the processing time is needed. 

After the capture is complete, the operator 
presses a button to either reject the print or save the 
print. If the print is saved, the background can be 
35 whitened out to present a cleaner image. This is 
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accomplished by comparing the output image with the image 
remaining on the platen. It is assumed that the operator 
has lifted the finger before pressing the save button. 
If a pixel value in the output image is below a 
5 corresponding value of a remanent image (i.e. the image 
of the platen without the finger) by a selected fraction 
(e.g. approximately 5%), then the pixel is considered 
contacted and is tagged accordingly. All pixels which 
are not tagged are whitened to a consistent background 
10 level. This eliminates any latent images that might be 
present in the background or in the voids within the 
print . 

Note that, after each of the image memory 44, 
output memory 54 and display memory 56 are initialized 

15 with data representative of an initial image, there is no 
place in the system where the optical image signal 42 or 
portion of the optical image signal is actually stored. 
All subsequent frames of optical image signal 42 
representative of optical fingerprint images from the 

20 image system 16 are processed through minimum function 
48. It is only a portion of the data in each updated 
interim data array in image memory 44 that is used to 
update the output and display memories 54, 56. 

In the embodiments described above, Min LUT 48 

25 updates an interim data array in image memory 44 from the 
existing pixel values of interim data array and 
corresponding data from a new frame of optical image 
signal 42 input through the A/D converter 18 and Egu LUT 
38. The method only uses the bottom bit of each pixel in 

30 image memory 44 to indicate contact. As the finger 20 
rolls, the processor updates the output and display 
memories 54, 56, respectively, with a portion of the 
interim data array representing a forward portion of the 
contact strip 72 in the image memory 44. Thus, output 

35 and display rolled fingerprint image arrays are 
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respectively formed in output and display memories 54, 
56. The rolled fingerprint image arrays are 
characteristic of a rolled fingerprint image. 

In another embodiment, the interim data array may 
5 be developed in image memory 44 such that the 

accumulation of the optical image signal 42 and therefore 
also the interim data array is stopped behind the freeze 
column 80. This could be implemented with hardware (not 
shown) , for example with a hardware register (not shown) 
10 that stores the information identifying the freeze column 
80 and with controls to inhibit storage either right or 
left of the line, depending on the direction of rolling 
the finger 18. The processor 30 need only update that 
freeze column 80 and transfer the interim data array to 
15 the output memory 54 when capture is complete. 

The function of freezing the updating of the 
interim image array in image memory 44 can also be 
implemented as part of the operation of Min LUT 48. For 
example, one of the address inputs to the Min LUT 48 can 
20 be allocated to selecting the data to be frozen in 

interim data array or to be updated by Min LUT 48. This 
bit can be controlled by a comparison of the image column 
with the freeze column 80, which is stored in a register 
updated by the processor 30. 
25 The smear reduction can be improved by using a 

more general approach to defining the contact strip, for 
exanple determining the contact strip on a row by row 
basis, but this would take much more processing. The Min 
LUT 48 could still be used to update the interim data 
30 array in image memory 44. The freeze position could be 
controlled on a line by line basis by storing the freeze 
column 80 for each line in a memory (not shown) addressed 
by line number. This memory could be updated by the 
processor 30 for each field, during the blanking periods 
35 of the video or by using dual port techniques. The 
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freeze position for each line is developed from sensing 
the active range for several lines through the image and 
then providing a smoothed or interpolated position for 
the freeze position of the intervening lines. 
5 While the current implementation utilizes an 

interlaced video input, the invention can also be 
implemented with a camera that provides a progressive 
scan, i.e., a scan which outputs only one frame, without 
any interlacing of lines. This would obviate the need 
10 for as much modification of the minimum function. 

Since the progress of the roll is being tracked by 
the processor 30, it is possible to eliminate some of the 
button pressing by the operator. This is principally 
achieved by clearing the image memory 44 and restarting 
capture automatically under certain conditions, depending 
on the preferred mode of operating the system. 

As an example of this method, the operator 
indicates he wants to save an image by pressing a save 
button (not shown) or a save foot switch (not shown) 
after the image capture is deemed complete as in the 
method described above. To reject the print, the finger 
is placed back down and rolled again. When the processor 
detects that the finger is in contact again, the image 
memory is cleared and the capture restarted. Note that 
25 this allows the preview mode to be integrated with the 
capture mode, provided that the operator lifts and 
replaces the finger prior to the capture. 

The processor 30 can be configured to restart the 
capture when it determines that the finger 18 changes 
direction the first time. This corresponds well to the 
normal operation of placing the finger down to center it, 
rolling the finger back to one side, then rolling the 
fingerprint . 

The operator assumes that he will roll all the 
fingers in order. If he wishes to reject a fingerprint, 
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he presses a button. The operation is to keep placing a 
finger down without rolling until it is centered, then to 
roll the finger to one side, and then to roll the finger 
for the capture. This operation can be determined from 
5 the states identified for freezing the image - placing 
the finger down, rolling left or rolling right, lifting 
the finger. An additional criterion may be placed upon 
the amount of roll to differentiate between placing the 
finger and performing a complete capture. 
10 It will be understood by those skilled in the art 

of electronic fingerprint image capture that the imaging 
system 16 can be designed in an equivalent embodiment to 
provide a signal to the A/D converter 36 that indicates 
fingerprint ridge features by high values and fingerprint 
15 valley features by low values. The methods and devices 
described above would then require only small 
modifications to accommodate this change. 

It will also be understood that although the 
optical image signal is described above as a data stream, 
20 the optical image signal can also be formatted as an 
array of pixels. 

The following appendix contains C language source 
code for software for operating an Identix TP- 600 
fingerprint capture device. A portion of the disclosure 
25 of the patent document contains material subject to 
copyright protection. The copyright owner has no 
objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure, but otherwise 
reserves all copyright rights whatsoever. 
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/* 

MlwiMi fnoreept.c 

»urpoeet loutlnoa to handle the llwf Imb« capture and mif Interface. 
Oett i 06/03/93 
Author I Joyce Young 
•• aevleod: 

12710/93 * Ellen Yu, rewrote thlt routine according ntv tpec. 

Hlatory: 

•• 0*725/94 Joyce Young, Added th* fog.ru* In IHACI.ATTt.r 
•• 05/10/04 Joyce Young, Aoved dltplay.coevreO t dlepley.f IngerprlntO here 
OA/03/94 Joyce Young, *d|utt the offtet of tOU/PUli octlvo latfli In 

CMVUN for now board 
06/09/94 CI Ion Tu, odd ftdeflno MOTOfTH difference the heroWe 

prototype board ond other now revletone. 
11/11/94 JY, delate CAMJuKMT COM 
•• 4/13/93 TO, fixed up for tip deeooer Inf 
•/ 

/ Includes / 

•include «f§prot.rt> 
tlncludc <gtptypee,h» 

• Include «oepgtobo.h> 

• Include utdUb.h> 

•Include -etdtypct.h- 
•fneltxfa •coorddef.h- 
•Include % tp.de ft.h- 
ilncludi •otpJaoi.tr 
•Include •logalobe.h* 
0 Include ••oo.eddr.h* 
'Include "aooolU.h* 
•Include •olftlo.h* 
f Include ■gep.func.h - 



/• C eternal lunctlone •/ 

extern V0I0 lood.equref.to.CquOroo ( loege.type.t cooere); 

eitern VO10 load.LUTTIl.tojMnirao (UOTU Urcjtt >; 

•xtorn VOID loed.etrtltni.thruLUT.to.e*ilre« (VOIP); 
extern keytype.t OSQ»end>ey<VOI0); 

extern ¥010 e e tup.d I «p I ey.ee reen (chef «nooep); 

•xtorn VOIO cop/Jeege.to.Orexi (loagt.type.t canert, ULONG I09.1tort.oddr. 

Int ht.bytet, Int wd^worde); 

extern ¥010 CeptureUreenUlttGIJlTTl.T, ecan.type.t, chtr •); 

eater* VOtO Capt.CapticrMluajUTl.t, ehort); 

ixtern VCIO Copl w Proyf<r(lfUCIjAnaj f ehort); 

•xtern ¥019 AlefnjjMtfrxjlcrOMCajUftJ, thort); 

extern VOID aUtfng_rYevfer(IMC<_ATTaJ f thort); 

extern VOI0 Prov.CaptacrdMACIJkTTiJ, thort); 

extern V0I0 Prev.l<ltfngttr<IIU£e!jmi.T, thort); 

•xttm VOID PftvlnltlcrllUnCI JlfUJ, anort)j 

, Ixternel Variable* / 

extern loooe.type.t equref.ceewre; 



function Prototype 



•/ 
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VOID •yjrtej MKUiYTi ♦#tof«.«ddf ); 

e«itv*#j iMft.tiptura (tMH.ty?«J «wtri, k**JY9*J 

thtf UtCM «»«_m f I 

void display.****" < !••*•.**».< cMin)} 
voip dltplty_c©Uj*i_4JOl« •saurcMM •dUp.lf* 
vcto dlapl*y>_Jv<»im Mourca,*!* •daat); 
voio fill col 4JJOUH •****, Int aal, l«t valua); 
void •ava^aaluwWA ••oufct,«l» Ma«t,lnt Mift, ««t atop); 
VOIO dUplayJInfarpMnt (l^lO^J aa«ara, U*fH ••r«_at artjrtr, 
WTTI •dat,*t*ft.ptr>| 

voio HU.avar^lMUW* •dtitjnt vtlut); 

e«ptvr«J C*pCU«rvX«t< HUCI.AtftJ <«a*a >: 

c«ptur«lt CaptSavaAat< IXAGI.ATTIJ l«9* >J 

tapturO »ravfavaAct< HUCI.ATTI.T faaoa >; 

ctptuf/l rr«vtctnAct< IKAOI.MTIJ \m— >; 

cpturtj fr«vlMtA€t( lUMI.MTt.l >; 

typttfcf aM 

< 

ItCKt.OU, 
ICMJftlft 
) aOLL.DIUCTIOM; 

mt tlA9tfjypi>#c»i<*c*o.typi.t fr*M f la»aa.tVP*J •«•**'*. 
namOJTM *h»nd. tOU.OiUCflC* •dtwiif); 

void Cprmer^ty.wrindHAa.Anaj, ahort) • 

( 

MJU, 

Prtv.CaptKf, 
Will, 

PrtvjlUfnoScr, 

Mill, 

MAI 

); 

VOIO ( • f ngKr_kty_iCr 0 ) ( IKAC*_M Tt J , »hort> • 

( 

MAI, 

•H proper • 
■At, 

■i*f«fJ»Hf«i*ar# 

MAI i 

MAI 

>; 

voio c*e«pticf.k«y.wa«i«*a.A*«J. • hofl > • 
( 

Mai. 

C*pl_Pr*vt<r, 
MAI. 

Capt.CaptUf, 

MAI i 

Mill 

>; 

MAI, 
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MravfcanAct, 
NULL, 

►ravtavaAet, 

MULL, 

MULL 

>; 

ctpturt^t <*captacr_kay_ac<U)€IIUCE ATT* I) • 

( 

MULL. 

CaptlcanAct, 
NULL, 

CaptSavaAct, 

MULL, 

MULL 

>; 

/• itrueturta for dtf Intd arraya In mory V 
KIN gvfM; 
HIM filrVM; 

mim dlap_ulndou; 
•UN pUlnjdlapjrinda«; 
KIN data.atara; 
MA ctntrol^rowi; 
mim tfatact.rou; 
kim chack.raw; 

utru datoer>jfCUK4) • 



•• fune Ami ¥010 sy.alAjnltn 

■•• Putptoi fnltUlUt tha mtmory araaa for tht 0 r«be»r vroi., tha ditpt.y 
## and tha roll ttoragt aria. 

•• ftaturaat Nona 

V 

VOIP ayjM«Jnft<UITT! •ttora addr) 

( 

•C«lVM«^|YT|$ ( aXL.l«.a|«Ll # lOLL.MtJimi); 

■t«.nan<livf aa,ra*jcad, ((WW MCit v VUM.tKO) oaivt^wo jmt'IW*, 

•MIVlAM^aTTH.aOLL.VO.aUILIM/iitOLL.HT^TlfLlIf 

M<B.nav<ig»tru>aMCUinC •)*t*J>U*jnwnu*jAjm%*2A*%to. 
•MllOaAM^lTTtt^OLLJfi^lHLI.IOLL.at^liuLf); 

•i^na^idUp^ind^.ciwne •wt.vun unwrw* 10 imsn«u 

WVMANJO_MUI t, 720,7*0>; 
•'•.•tfMm<ld(apjrtndo^lpla^ p U |M M, 

^■.na«(4dita.atora # aiora.addf # aoLl.»^UtLI # 
•OtL.^UILI.aOLL.MT^IXlLt); 

•l«^no^4contral.roin3,a]la L arfr(4avra« i 0,<00),J*aU lnc(l*vr«.>, 
WLL_yD_MULI,W); 
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/ 

/• 

•• F*k 0«M3 VOIO ayjria JnltO 

- FurpMii Im9« coptwro procMt lro» tht olvon cowri 
(Rod • 0 9 Main • 1). 
Roturno: typo In tho typ**f eoptur«_t 

• / 

coturt t loooo.eopturo (loooo.typo.t c ~ r *' #n «-~ 1 ' 
\h«r •r*m*9, Ut»0 log.ttoro.oddr > 

( 

IM6I.ATTI.T t«M«; 

ktyja-wwd; 
cApturt.t rot; 

UltTI •■rc_itort_ptr, •d»l.tt«r« - ptr; 

Int f of .r.oaio. *or.l_odoo; 
int r.odoo^odoo; 
tat •.k.O) 

Int now.octnjlrw.otan^llno; 



MAKOJTM hand; 
tOU.OIItfCflON e«pt_dlr; 



•• paf«Mt«rt controlling tht 
•/ 

lot odgo„,tol • 20; 

1M oetlvt.throthotd ■ 1*0; 

In! onough ■ 10; 

Int «otr« • U| 

tnt o*«_coli«noJnot#p • JO; 

•nut 

( 

ILAMt, 

mil, 

tOLlJUGlU. 

urr, 

COHf 

i ) coot_ttoto; 



chock ttiot oowro to vm ond ro*lrod dlroctton 

V 

H <Mngorjypo^ocUfr*J*«, loond. Ie.pt.dlr> 

H fno.cMra •• eown) 
rttum(CA»T.y»onojm>; 

oyjMo>JM t((Otftl toro.oddr); 
mU^oM*.".**-^; 

« Woo off.ot ohould bo -tchod In loogo.coptiiroO ond dloployj 
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+* thoto polnttft «r« only uttd for tha plain 

V 

•ri.Sttfl.ptf • (WTTI •)OJtajflUft_tl(0 • tCHJI • 24 ♦ J9j 
dat_atart.ptr • CMYTC •WPT^VIAM^tAse ♦ $CtV • * ♦ 12; 

lf< contra ruil ) 

< 

orc_otarc.pt r 20; 

o*t_tttrt_ptr la W • (732 • INC HAIi *); 

> 

/• 

•• Got attribute* of Intoo end put Into ttructurtC HUCIJUta.T I 
•/ 

I neac. centre • centra; 
lB*o«>and • hand; 
1neta.ttere_o<ttr ■ lea.ttort.eddr; 
lnoee.erc_oddr • trc.tttrt.ptr; 
la*ea.e*c_cdrfr • dat.atart.ptr; 
laeoe.fng.nu* a fng.nun; 

Captwr«tcre*r>< fence, inij+m, nmmp }; 

r 

toed the Coju onto that Mtrt created during calibration for toil 
•• or PUfM fro* the Or mm to I(^r« ( etten the current calling centre 
•* U different fro* the prevfoue c««ri t 

V 

If ( «juref_ conor t fo centra ) 

tocd_cojurtf_to_C<»4re* (contra); 

/• 

Volt for toy prottod 

•/ 

ktV^fttlOd • TTrtJtOJUUOMt; 
*Ha( fcty_prettcd l« YVM.IAVlJCfY ) 

< 

r 

"•• 1. Copy the ttroloht thru function fro* Ore* to MlnSrc* 

M 2* Turn orobbor on 

V 

rrcvlnltAcU lance ); 
/• 

•• 'rcvlcu oporotlon 
•/ 

ity.preteed • ITPC JIO jlttfGNSC ; 
*IU( iay„preaaed !• TYff_!CJUMCIY ) 
< 

" Ottptty tenet by wpy f Inotrprlnt fro* grabber VRAM to 

" dltptoy VRAM. 

•/ 

dltployj Inotrprlnt (contra, trc.atart.ptr. o1tt.ttart.ptr); 
tty_prtaiad • ourond.ttyO; 

lf( ( # pr«vttf.kty.ttf(lity <M prataod)) •• nVU ) 

(• p*ovecr_fcey_tcr(l^pretac4))< Inett, OtAW ), 
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|ff( <n*ovocrJ^.octtkoy^oMod)> M > 

rot • (•pr«vtcr.kty.§ctlk«y^«»««>< {mm ** 
lie rtt CAMjuuma >c 
rotumt rtt ); 

> 

> 

> /♦ ond of whllo V 
/• 

•* Copturo oporotlon 
•/ 

If (coot.dfr — HCHT.OIt || coptjllr LCFT.OII) 
turn_«r*b_onj»nool (Iw.cwn, U; 
Copt_ototo«IU*Kj 
kty proof od • TYPIJ»J«t*«t? 

toMUC koyjirotood I- TTri.lCAM.CCT U ktyj**"* !• TTM.tAVl.WT) 
witch (copt.ototo) 

c 

cast IUMK: 



Mil for tho flno«r to e«t* down 
dloploy tho octlvo oroo Uttn It lo otnood 



If <ftjktoct_odgoi(tcoMrolj>o«^ 
lr_odoo,U_odft«» 

( 

copt_ototo«»KCSS; 

for_r_oda,o«r_odoo; ...... 

for_l_odoo»l_odoo; 

> 

brook; 

cot* nitl: 
/• 

•• dloploy tho octlvo oroo 

- mtU both 0d90t bogtA to roll In tho correct dl ration 

thon oivo tho bock oldo of tho octlvo oroo 
•• Allow tho roll to «o In olthor dlroctlon 
•/ 

If (fi^dotoct^odooidcontrol.roMt.odQO.tol.octlvoJhroohold, 
* Ir.odao.lV.odgoU 

< 

If (l.odoo > lorJ_odgo*onouQh> 

< 

scoojlrw • •owoth.tcon - Hno('1 f r - «d9«,^od9f,c«ptJ<r, 
•oi_co t uwj t op) ; 

/• 

•• tovo tho loft oldo of tho octlvo oroo 
Don't ifdoto tho dloploy 

•/ 

•ovo.coli«<4fvr«o # Uloto.otoro f O # oeoftJloo); 
copt~tUtt*tOUJMCKtj 



) 
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If C_rtgt < f«r_r_ada*-anough> 
< 

acanjfna • aooo th_acan_l I na< • 1 , r_adga , I _adfca, capt_o I f , 
a»x_co I n_t tap ) ; 

/• 

lava tha lift alda Of tho actlva ifil 
Don't upoata tha dlaploy 

•/ 

aava_coltiar*<lgvra^tdata_atora,acanJlna,ajO; 

copt.atata««QUJ.CFT; 

braafc; 

> 

r 

•* Whtlt not rolling Just diaptay tho actlva calunna 
— 

V 

If (l.adga-axtra >• 0> 
C 

II (r_«dga+cxtra « aj#) 

dltpt ty^col um^SC iovr m # Id f $p w v I noov, I _«doe • tr t ra , 
r.adga- 1 _adga*?*txtr a) ; 

tin 

dlipt *y_col unna_4_S< 4 gvc an, id i i p_« I ndo* , I _#de« *•* t ra ( 
•J 1 * l.odgo^oMro); 

> 

alaa If (r_adga*a*tra < tj*) 

dlipl ay .coluira_^S( iflvr m # tdl tp^w I noow , 0 v r^ffdg r» t x t r • ) ; 

alao 

df tplay_calu*roj4_3Ugvram, Ml %pj*\ ndoy ,0, ajo ; 



If U.adga ^ farj.adga) 

far_l_adga • t.adga; 
If <r_odoa » far_r_adga ) 

far_r_adga«r_adga; 

) 

alaa 

C 

«U_»ov«< 4a vr m 4 Adata^a tar a ) ; 

d I *pi ay.coliMna^^S < Ida t a„a t ora , 4di ap_« I nbow # 0 f t_v ) ; 
capt_it«t«HI'f; 

) 

braak; 

caaa tOUJUCur : 
/• 

aava tha araa fncranantad by tha acan lino 
•* dlaplay riant a I da of tha actlva araa 
** until tha fight adga atopa 
•• than aava tha right alda of tha actlva araa 

V 

If <ft A datact 4 .adgaa(4cantral M rova,adaa v tol ( actlva.thra*hoid 4 
4r_ad*a,4l_adga» 

( 

na«_acanjlna • aoooth.taanJinaCacanJIna^.adga.l.odga^lCiif^OH.JO); 

If <na*acan_l Ina » acanjlna) 

C 

aavt_«aluam<a>raa^4data_atoro,ac^ 
acan.1 lna«na«_acanj Ina; 
If <r_adga*a«tra « a» 
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~r_#dao*o«tr ficwj in*)j 

OllO 

df tpl oy_cotuwwjljl U«vr «, Id! ip_%i1 ndou, tcmjlm, 
•_w*tc*n_tlno); 

/• dliploy iho icm lino for dtbug 

fUi^colJ.KMUp.nlndoii.tc^Uno.O); 

•/ 
> 

If <f_odgo < forj'.odoo • onough) 
C 

i_«*ocin_tlno); 
capt.tuttHin; 

> 

If <l_«d»« « 1*rJ_mi9*) 

1*rjj*9* ■ t.odoo; 
If (r.odgo > for_f_odo*) 

for_r_idgw.idgo; 

> 

tin 

( 

••v#_coluw>i<lavr»» ( iditi.iton. ie«n J I no, •_*>; 

dlipUy.cotum.4 J(ldiU.itoro,4dUp_«lndo«, $cin_l lnc,i_«*icinj Int) ; 
cipt_ititt»UfT; 

> 

till ..KOLlJLtni 

+• t«vt th« area Incrivanttd by thi icin 1 In* 
dlipliy Uft o«do of tft* actlvo iru 
Mil ih« loft odgi ttopc 
•* than mvi th« Uft old* of th« octlvt art* 
•/ 

If (ft^dotict.odwiCUontrol.foirt.odgo.loUoctlvo^thfMhold, 
* 4r.odi0 # ll.od90M 

^jcmjlm • o^tfc.oeonjtwococonjliw.r.^dfo, l_«do« # U'fJ»l*,)0>; 

If (nov.tconjlno « uoji.llm) 

i 

•ivt_cotuv« ilovroa. ldito_itoc*,mw_icin_l I no, oetn.l I no) ; 

ic*nJln«»ni«i*on_l Ino; 

If (l.odgftltn >• 9) 

dltploy.coitjm> w 3clo^o« > td<op w «ii^oM f l.odQo*oxtpr ( 

»c*n_l I m- l_«do**o«tro); 

Oil* 

dUpl ly.tioluonij Jilgvr m, id I ip.ylndow, 0 , icmj I no) ; 
/o dUptty tho icm lino for dotatf 

f 1 I 1 jboI.4 JKM1 ip.ulndow, tcan_l lot ,0) ; 

•/ 
> 

If (l.odoo > forj.odgo ♦ onough) 
< 

••w_co Itflmiifvroo), Mo to_it ori , 0 # icm^ Mm ) ; 
dUpliy_colc«r»_* J(lsUt« ■tor«.ldUp_wlndow.O. *c«n_l in*); 
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tufnJUiafr*tor_on (); 

ptr • CXONO •)PCJWMU*%) 

roU«q^oltti • •ptr«*; 

p«tlr«9Lj «Utt • # ptr~; 

/• this U t*«r« vtrafan US locdtr putt It •/ 

ptla«KftxUu • # ptr~; 

P«l»#rp_txUu • *ptr~; 



If ( p«r«_ftjUti 


) 




If fpxr 


l« 


255) 


r«curtlvt_f*ctor • «ptr; 


pir++; 








If < # ptr 


• • 


255) 


< og rjU • 1 r •d_»qj_v • I sm ■ «ptr; 


ptr~; 






If (*ptr 


I" 


255) 


chtng!ne_thrc»hold • *ptr; 


ptr~; 








If <«ptr 


!• 


255) 


loo_d*rk_v»lm • •ptr; 


Ptr~; 








If ( # ptr 


!• 


255) 


roll_offi«t • - ptr; 


ptr~; 








If (*ptr 


I« 


255) 


pUln_offt«t • «ptr; 


ptr~; 








If Cptr 


I- 


255) 


pM*_off a «t • *ptr; 


ptr~; 








If fptr 


!• 


255) 


p*U_d«tlr«d_»quvtlu« . •ptr; 


ptf»*; 









/• thll It i*«r« version 1.4 *ntf twycnd to**' k#«p« It 
p«la»9U_«xl«U • # pir*»; 
poln*rp_MUu ■ *ptr**; 

•/ 

• Ifnoof •AlN_SCANNCft 
l"lt_f^|r#bbor <); 

c«lcuUl#jMArt/ttlUT_t0_0r*. <>; 
MlcuUu.tcriloh^iUfutur.to^OfM {); 
c«lcvUu_uo*l n*LUT_ 1 o_0 rmm <); 
fotM 
/• 

Turn of f f rabbor 

•/ 

•(tATTt *)OIA|ICI.CTRCOJASC • 0*0; 
•(USUI *>OftAlltft_cmO_liUC • 0*0; 

ic>ot*_ttrtlfht_thruLUT_to MlnSr«*<); 
ftndlf 

> /• InltUditJUKO •/ 
•H#*tf rAU<_ioufttt 

/ 

/• 

copy tht tvtflL from th# ft von lourct «kdr«. (In Orw by Wl polnttr) 
•■ to Mftftr« (by IOMC pointer) 

•/ 



V 
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typ, t •q_r«f.eeooro • Ka.CAAMA; /• oMeh eo«r. equ In l<+or- •/ 
Int roUeq^eel.t. • 0; /• 110U e*i ««•" '/ 

Int plelne«.e»Ute • C> /• 1fUI» eq. •«••«• *' 
Int pel«*-«»»t» - 0, /• 1f *W ««•«• V 

int p.U*rp_«UM - 0; /• 1-»aw <*«rp<«9 o.l.te V 

, Local Verlcble dof Inltlon '' 

/• thU lote up th« tfefeulte «f no p.r-oot«r file e»lete •/ 

.t.tle int per._..l.t. - 0; /• 1-l-H l-r. #IU -I.JJ V 

...tie ULOM roeur.lvo.fecter . *;/• eeneltlvlty of eopturo " field r.te / 
... le UM »n.r>.lr^.v.l- . 2«;/-v.luo of Mo* 
...tie UU<*0 -...rod.o^v.lu. . »2; /• v.luo of Mo* ^» «P-t «-V 
■title UIOHO then,!* threshold • 11} /• per«enteae chonpe of Moot to po.t 

...tie IA.0M0 too>rt_v.lu. • J; /• «o re«*ve A/0 •«••« '/ 

•t.tle matte roll .ff»ot • 10; /• «0U pook Motoeroo volue / 

•title Uiwe ploli>_oHe.t • 10; /• 01AM po.k hl.tooreoi velu. V 

•Mtle OlOBO peL_of f.ot • 10; f PAW port M.toeroo volwo •/ 

.t.tlo mono polo. oo.lree_equ_v.lue • tH;/«v.l«. .« ««* nut-, •qu.lltodv 

.t.tle HUM dotectjevol - ISO; /• dotoetlon level tor octlv. too •/ 



f Kt.rn.1 function* 



•starn VOID lnlt_r-»4ee tvotO); 

.mmVOlO lnlt.«.pj»robbor (VOID); 

..t.m VOID M«i.e(— "d.to.llC (UiTTI eo«ond.to_.ond); 

..l.rn V0l» torn.lllu.lnotor.on (VOID); 



funetlon •rototype* 



VOID eoprJeooe.to.Ore. llr-eo_t»p..t e—r., UIOKC l*e_.t.r...ddr. 

Int M_Byteo, Int «d_-ar«ta»; 
void Inltlellitjmn <WI0>"; 

vaiO lood •qur.f.ta.tquOrw tlooeo.typ._t e--»ro>; 
VOID lowCtUmi.tejllnlroo (Ulttl •ere.ptr); 
VOID lood_.tfol«ht.thruLUT.toJqj*r«» (VOID); 
void »eUe\,«repMe (VOID); 

ttotie VOI0 eale-letojilnfuneiot.to.oroo (VOW); 
•totle WIO eoleuloto_otrole*t.^rulU1.to.Of-o (VOID); 
.totle VOI0 eete-lete_toee««WtJojOreB (WIO)i 

•totle WlOW fleorO (UWM 0, W.OO0 o)| . ,, -v 

•totle VOID leod„e^Ut.te.l0Utre. (M10.0 off..t. VU-0 derk_.ff.ot. deelred), 
•totle VOID loed.etrelght.ttraUT.teJllnlre- (VOID); 

•/ 

/ 

« InltielUe the teodec. th« OSr restore. e.t«* the ."phlc tunetlono 

•• end eroete oil lUTo. 

•/ 

VOID lnltlolteo.94020 (VOID) 

{ 

volet lie UIOMO *ptr] 

•((UtNOiT »)0»TCTt) • 0; 
OM (o WAIT •)! 

Inlt.roodoc Of 
..ue.orepMc O; 
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Mleneaei ggpjntt.c 

Purpoaei QtP InltlalUatlon. 
•• Oatei 06/10/93 
•* Author i Joyce toung 

Nlatrtryi 

02/1e7#4 Joyee Timi, eadlfy tht of lot of HAIM act We Im«i 
09/09/94 Joyce Y<*r*, If leags parameter la 25$, eat default value 
•• 06/03/94 Joyce Young, adjust iht offoat of lOU/tlAM active laage In 

MttUM for raw board 
•» 06/75/9* Joyce Young, turnJtlu*lnetor_on In lnltlallia_J4020, otherwise, 
•* turning Illustrator off during calibration end then receiving 

AMtT e aund utU cause the Illuminator off oftor AlOftT done 
07/14/94 Joyce Young, change default rotl_peelMlU*i_levc I • 10 4 
plaln,peakJUusJevel • 10 
•• 06711/94 Yg, f U up effaete ee that they «** to the of fast a calculated 
•• froa tho dark I aval hlatogrea Inataad of replacing It. 

•• 09/09/94 T», change tagging ao that o 0 chango_threthold valua cauaaa 
everything to ba tagged. 
09/22/94 JY, apvs setup af telon_font(COaPUt29) I ttlonj ont (COOPUUO) 
froa rrlntlltlaO to setup_grapftle<), othemlas. If calling 
•• PrlntTlttcO aavoral tteea, will aesa up the tolonjont tabla 

•• 09/29/94 Tl, fUod arror In t*J area Initial Italian • needed ta ewbtract 
•• out offaat aftar scaling. Couaa severe clipping at uhlte. 

01/16/9$ JY, raad ailatlng of pele.equ froa) PC_»AAANCTCft$ 
01/20/95 JY« dalata unnecessary Include f Ilea 
•• 01/23/95 JT, load psle aqu to CQUOtAM If fllo caleta 
•/ 

/ • Includes / 

etncludo «gapreg.h» 
a include <gaptypee.h> 
efnclude <0tpgloba.h» 

'Include •atdtypae.h - 
'Include •gsp_font.h" 
flnetudo »lag_dafa.h» 
ilncluda •aea_eddr.h- 
•Include "aajllch- 
Olfndaf PALHJKJmut* 
ilncluda ■gipjaga.h* 
fandlf 

/• Utarn Var labia definition */ 

/• 

variable for tho grefftlc 

•/ 

extern fOMT corpus 29, corpu**9; 

/ Olobal variable definition / 

font two fontlnfo; 1 
ohcrt satfontjd, blgfentjd; 
snort ealfent^charhlgh, blgfont.cherhlgn; 
ehort ealfont_ehorvlde, blgfont^cJierulde; 



/• 

•• verlablea for the laage proceaalng 

•/ 
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> 

ttM If CcolljUr •• UfT.OU) 

' tm*md\*s . UWPUfUU ♦ C*o«n_.pllt fright) /8; 

If (AM.Mdlin « old.oconjtno) 

' ^ tin. . <f~ W W ~d.~ ♦ U ^UD-ol^^lln. ♦ 4>,l; 

If In~ •can J lot « otd_.c«Jln. • ^eot-nO 

> 

•Ut iw«_teon_llf* • old.tcon J lf«; 

> 

«Uo rmijitmjirm • mn^mdiwn; 
r t tur*< nt«_»c I no); 
) /• tnt M»ooth_*c»nJ If* •/ 

rtplact any *iUM«d plttlt v.lw.) tho do.tlr*tlo« .ro. 

with v»lu« 

• • 

VOID <U^tvMj»(uU(NtN •doit.lM voluo) 

( 

rtflUitr UttTI # pe; 
r«gUt«r Int w.| J; 

w • v»lut; 

for (H«0; 
( 

pp • •l«_»dr<d«»t,Q < n >; 

II 

do 

{ 

If (ICpp * «) *pp ■ W 



) 



) 

/ 

/• #nd of fngreopt.c V 
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•1«.r^a«rc.row # «U.«df< i0 wct,0 # ll) < 4*«1«Jf«(»we«).^h/*); 
■U BB f^(4dtt^«*« l ««« - «lr(d^t # 0 l I I ),J*olo>.lnc (doet ) # 0,0>; 
srio.snvs< isrc.rowe , tdo t row* ) ; 

> 

> /• dUpUy.i.Jv •/ 



•• ft#* mmi VOI0 flll.col.o.SO 
•• Purpose: fill i column In e r*ng« reduced by 4/J 
aoturnei Mon« 

V 

VOI0 HU.col.4.J<»|M •deet, Int col, lot velue) 

< 

register Int ll.k.d.t; 
register unsigned char *d; 
Int n # h; 



k • vtlut ; 

alo_eUe(de*t,U,IJi); * 
d • sriB_odr(desc,col«3/4 # 0); 
dj • •lejjnc(dest); 

ll'h; 

do 

< 

o**d_l; 

} shite (-III; 

' / 

/• - - - - 

•• fwnc mmi Int taooth.ecenj IncO 

Purpose: oven out the icon Uno stops end Halt then to s mxIm site, 
ftsturnet nov scon Une 

V 

Int taooth.econ_llne(<nt old.ecen.t Ine, Int right, Int loft. 
■OU.OtMCHOSJ roll.dlr, Int ma coluww) 

( 

Int neuaodlen, now.ecen.t loo; 
Int scen.sollt • $; 
Int fsctor • 4; 



If (eld.ecen.Wne < 0 ) 
C 

new.eodien • (right ♦ loft) / 2; 
return (now*odlon); 

) 



If (rolt.dlr tlc*T.ot«) 
< 

ncw.eodlen • (•cen.spll fright ♦ <S*scsn_spllt)Moft) /•; 

If (nowjssdlon » oid.se on lino) 

C 

«e*.ecenjlne • (feetor*neue»dlon ♦ (l-fecter)«old_scen.l1ne ♦ 4>/6; 
If (now.se on. 1 1 no > old_scon.il no ♦ e*ui_co(u*rw) 

"ew.scen.l I no • old.icsn.llno ♦ ovx.colusns; 
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tut wm.Mu_u«. um *» 

•cuura • MIL; 
•hand • U"; 
•dNMir • UfT.Otft; 
bruk; 

cut tftH.nAtiJWM**" 1 
•cuvri ■ tOU: 
•fund • tU«T; 
•dtiMir • MOJDU; 
rttum(l); 
bruk; 

cut ITm.PUl«.tIC«T4: 
•cMtrt - nAl*; 
•Hand • IICHTj 
•duntar • NO.Ott; 
br««; 

cut STYPf_HAtH_LC*H: 
•cmra • »U1«; 
•hand • UM; 
•dumtr • *O0U; 
bruk; 

cut mH.nAm.M^V***- 

•c«Mn • tott; 
•hand • RICHt; 
•dttMir • NO.Oti; 
bruk; 

cut lTm.HAWJUn.TIU*« 
•euotrt • tQU; 
•hand • Uft; 
»<teu»tf • NOJPIt; 
bruk; 

cfcfaults 



ntufft (0); 
) /• *««ur_typ«_tht<k m * 



rtturnt * >J 



) 



•/ 



fejrpOUl 





HIM ifc.ro-t.dit.rowt; 



■lu_aU«<M*jre# r iu # *»0; 



for (M-0; HO; M"> 
{ 
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rtturrXO); 



/• 

**rpoot: block transfer ooloctcd colum of tht tourct to tho (moo 
•• loturn: ftor* 

V 

voio ■•Yo^colimcNIM ••rc,«i« •dtatjnc M« t lot stop) 
<«t o.*,oJij 

HI* trc.eoU # doot.coU; 
•l«.tllt<irc # U^,U,h); 

•««.^«t<«rc f Urc.coli,itort # 0,»top-it t rt # i h); 

■(■.•UMtt(do«t # idMt 4l .coU 9 otort # 0 # 0 # 0>; 
■'•■ovoiioro.cot o,ldoo t.oot • ) ? 

) /* tOVt.cOltflnO •/ 



*unc now Mnotr_typ._c*ackO 
- Purpott: dtcodo tht f(ngtr typ,, t .»ra, rfitthtr to dttw.r and validity 
•• ttiumai 0 • If no orror ^ 
1 • othor«Uo 

•/ 

tot Mn«tf.trpa.chack<t«an.typa.t fofl.nu., I*tgt_typ»_t «cmra, 
HAMDJTM •fi A nd < tOU.OIRtCTIOR *dtt*MO 

( 

/• 

•• dtcod* tht fingar typ*, ca*ara, *ath«r to dtamr .nd validity 
rtturn (0) it no orror 

•/ 

Mitch ( fng.ru ) 
( 

Ctto STYPC.tOU_lllGllT.YNUM: 
*ca*»ra • rqli; 
BIGHT; 

uft.oir; 

brook; 



ctat fTTH.0OtL_iIWr.IWeX: 
caoo BTYPCJtOU.BICIITJIIOOie: 
cooo STYPf^BOLl.B I GMT Jl t HG x 

cmo trm.ROLi.iiCHriiTni: 

•contra • toil; 
•hand • RIGHT; 
•daaawar • RICHT.OU; 
brm*; 

coso tirnjtoiijitnjmmx 

•cantrt • Ron,, 
•hand ■ UH; 
•dooaotr • RICHT.OU; 
br*ak; 

cooo ITTrf.ROU.UfT.IWUi 

cooo irm.ioiL.ufrjiiooui 

Cttt •TfOI^ROtl^lIMjJIlCj 
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raturn< WIJJMMQjnn ); 

roturnt CAFTJAVtlNQ ); 
» /♦ Coptlovoftct V 

" V 

nrai Int fi.datact.adgeaO 
rurpoati OiUralM tha right tod loft odgaa of tha contact atrip of 

tha ftngorprlnt 
taturnai 0 • if thtro It no contact 

1 • othorvloa 

•/ 

•At fi_datact_odgoa<NIR Vow, Int odga_co^u, Int thrathold, 
Int Vlght_odgo, Int Maft.adga) 

< 

Int wfdth,halght,<l,aui; 
malanad char *lp,»rp; 

/• 

# * Gat tha tmfr rawa fraa tha <**g« 
Or togathar all tha tag blta 

V 

mi*J UlCfcfet9ct.ro*, Oi; 

• I a)_wv»_c C ron , ftdot a< t.row, 0«200c ) / 

•la_olto<rov fl Uldth, ihalght); 

tp • a)la)_«dr<ldatact aa ro«,0,0); 
rp • Lp+tfldth-1j 

/• find tho loft adaa by adding i* and tha right odga by adding down •/ 
am • 0; 

for C 1 1-0; (Widths tl«*> 
( 

If (Mp~ ft 1) ( 
oi*~; 

If (aun »• odga^couit) 
brook; 

) 

> 

•loft„odgo«l<; 
Mil a Of 

for (IJanldth'lj H»«Oj !!••) 
< 

If (•rp- ft 11 < 
mm**; 

If (aua »■ odgo_c«*t} 
brook; 

> 

) 

•rlght.odgo-ll; 

thoro U contact If tho right odga fa farther right than tho (oft 
•• odga 
•/ 

If (•rlght^odga » •toft.odgo) 
roturn(l); 

olao 
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V 

ll< koyjtrooiod « fYH.ICAJMKT ) 

roturn( rt«panto_*l • f ng Ckcy jrtittcQ ); 
> /• Frovf ovoAct •/ 



/• 

lire m: CopttcortctO 

>urpoooi Action* *«n SCAN koy prot.td In copturo .croon, 
totyrrat CAMJtttCSKMSC 

HUtoryi Joyco Tttngt Add rttum votuo 

V 

copcur«_t CoptSconAcU INAfif JWTI f I 

( 

/■••• TMfti trofabor off ••••/ 
turnjrob.off (lM«««c«iri); 
roturn (CAMJttftCSraiSC); 



f\** on: CoptS«voAcC() 
•• *urpooo: Actions *on SAVI toy pressed In cspture screen. 

tsturnsi CAM^UVtlNC/CAM^Wtoi^Tm 
•• nUtoryi OMS-W Joyce Voung: olto «-or* In eopyjf*go_to_0riis () 

cspturo.t Ceptt*voAct( IMACC AH* T fnoge ) 

< 

Int **>ords f ht.bytoe, *, h; 
/• 

•* grtfabor should slroody b« off 
•/ 

If <t*»go.c**srt •• PLAIN) 
< 

Ttf ths Istgee for chcngei fro* tht rcsiolndsr Inooo .«•/ 
teeJJAffTll.tOjHftfrM «WTTI •>r«ai.TACClMC.lUfTIC); 
turnjribon (f-o 0 t.c*o«rt, 1); 
turnjfeboff (lom.cMfa); 

dlsplsyjlngorprfnt Hmi.cm, lo-fo.trc^odoV, l.»g,.d.t oddr); 
flll.«v«l^UfltCCp(«ln v dl«p^lndo« # 2M); 
/•••• Down toed Imm to tho W DM* —•/ 

hX m bf%t o HAMjUjmif 
copyjodftojojrw (<*»eo, enters, l«tgo.otOf#.oddf, ht.bytoo, Chords); 

else If (loogs.cmrs o. toil) 

< 

loedJUTTIl^tojMnoree) ((Utrff MriW.TAOailO.LUTTil); 
tyrn a jfob at on.norMl( | M go.eoo»fo # f ); 

turnjre6j>ff<ls»ge,ceeiors); ; 
•f ojtovoCiga f rv»« f Ids t s_s tort ) ; 
•la.fllo<Adoto M otoro t lo t lh); 

dliploy.coluorw^4JCfckto.otofo # idlip.«lndo« t O # ii); 
f 1 1 l_evenj>( «ols< Adl tpjif ndon , 234 ) j 

> 

otto 
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/ 

/• 

IlK mni Prtvfi:«*ct<> 

rwrpotti Aetlo* «*» P rMMd « n *' r ""' "T"' „ 
.. uZt*> Wt J»JK«MC/em JMMjm , no " 

wrong c«n typo. 

•/ 

coptwo.t OrovtconActC !*Att_ATT«J l»o« ) 

< 

/•«-• turn Qrobbor off ••••/ 
tum_flTob_off< looM.coo*ro >; 

/• 

load *Jnfi*K irm Oram to Kln*ro» 

V 

fff |NC OCHX 

~lo«l Mfoloht.thra.WT.to.Iqylro* «>i . 1BPM1 % . 

loodliuTTiL.to.moif- «wni •)IHUIMVHiO.Wm); 

M " loodJA/TTll.tojMnlrom «UWTl MHUfWC.LUTHU; 
until f 



folMrn( CAMJI0JUSP<*U ); 
) /• trovSconAct V 



/ 

/• 

Ftnc nra: »fov$ovoActO 

turpoMi Action, *on UVt koy PMOirf prtvlo* tcroon. 

7ZZ\ WW«Wil/CA,l.«l.«C. no copturod l W or .U.ln. 

« MLtorys Joyc. to**, turn on tho 9 r*»r If KM k.y P".«< 

•/ 

cpturo.t •rov*ovUct< IWACf_AT"_T Imoo ) 

( 

Htytypo.t ktyjKtifod; 
ctpturo_t rtoponoo^ojUlngll • 
C 

CA*T_iQJUS*QNU 0 

CAMj0.MPOMtC, 

CAMJtOjUIKXU, 

CAfTjUtSHQ* 

CAMJUItMC, 

>; 

/•-•• Turn irobbor off ■•••/ 
turn_orob_oM( lMft.cMr« ); 

Jmu< unbolt* i. rotjcAijKT u ktyj^mod vmjmja > 

ktyjKMitd • OM»ond.kty(); 

<• •ltfnoocr>oy.tcr(koyj>fot»^)« In*. wy >• 

.o tho to turn on Mro. otMr-lM. tho flr«or -IU 

not *how on tho prw*\** »croon 
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Iff CMtri «• tOU ) 

roadocjrf topi •y.croti^iy^ol < ); 

•rc_ttortj>tr • (Utm •)GM_VMN_CI0; 
•n_it*rt fl ptr •• ICAJf • 30 * 79; 
«\M_ttort_Ptr • (Urn •)D*TJflUA_IASt; 
*t_otort.ptr fttjl • 4 H2; 

If ( camr« •« »UIN ) 

( 

•rf.itort^tr 20; 

> 

lood_otro<oht_thrUAn_to_to><Sro» (); 
loodJ>lOTil_ujltnSro» ((Mm •mutCKTJI«UJ>UTm>; 
tum.gr^ort <c*a»rt, t>; 

for (;;> 
( 

dU?Uy_f(ng«rpr1nt (cinri, ire^tirt^ptr, dtt_ttart ^ptr); 

•witch < k*y_typ« ■ OWmd kty () ) 

< 

cat* TYM_tGUMCCY3 
cat* TTH.tAVIJCIT: 
com TYtCJtiOtf : 

turn_§r«b_of f <cmr«); 

H< CMHfl tou ) 

ro**Uc_c l r_cr oi I ( ) ; 

rtturn; 

> 

> 

' / 

/• 

•• fine ammi »r«vlnltAct() 

•* **fpOMi Action* w*«n inUf ft prtvltv tenon. 
*• tfturmi CUfJtfHICIoONSI, no eooturod !«•••« 

V 

e«pturo_t 'rtvlnlUctC IMACC.ATTIJ ) 

( 

/• 

•* load itrolont thru IUT fro* Orm to MlnSrM 
•/ 

*U IM8.0CKK 

io«d w ftfoltht w tliruLUT OT MeM^toJ^trM (); 

ftoloo 

lOOd^UTTU.tOjHrtSroJI ((UWI MSTMICHT TNtU LUTfll); 

#«ndlf 

r 

** Turn trotter on 2 froat, othtrvlto, tho ttcond tflnoor Inoo nit I 
dloptoy •orbooo tlnoo If uolni outtlplo flnoor buffer* 

V 

turnjirob_on <<•»*«. c«ra, 2); 

fttum( CUTjtOJUlKMtl ); 
I /• #r«vlnlUct V 
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IfC rot CAPT.lAVtma } 
C 

rtturt* rot ); 

> 

> /• ond of Mhtto V 
ond of If •/ 



> /• ond of MhlU V 
> /• lo*t«.e«ptur« •/ 



/• 

/• 

is** mmi VOID dltpltyjlnotrprlnto 

turooo.i Oft* tht f Inttrpr Int In ro*cod for. In dLplty 
- Tilt flnotrprlnt Ihm tht «~™ »• tM 0VM "- 

t*o hortionttl ration It dono In horoVort 

tht vtrtlctl ro**tlon It dono by dropptnt 1 of 4 
•• ond 1 of I Unto In tho pltln. 

VOID dUpUy.flntorprlnt <lo»oOypo_t tooort. UMU ••rc.tt.rtjrtr, 
UtTIt •dit.tttrt.ptr) 

( 

UlTTt •trc.ptr, *dtt^tr; 
Int Hi 

If c eomro ftOiL ) 



i 



•itt 

< 



/• ttt up 4/S roduetlon */ 

di «pt oy_4 JvUovron.roducod, Wl op.*! *do«) ; 



•• Only dltplty tvtry othtr Until 

to lncr«otnt tht tourct trrty I Untt, oott. tffty 1 Urn 
•• tht flrtt dltploy lino It In tho otddlt of tho tcrooru 

'pott fertf trt.tWt.ptrH /• 00i "ortlnt odor of tourtt trrty •/ 

poVbrof WOO*. dtt.OtOMJrtrll /• M ".Mint o*r of d..t. trrty •/ 

potoVoo (IPTCNf PUIi.OMVUH.«KH)| /• III tht pitch of tturco trrty •/ 
ooktVoo <0MCt # PUW.0»WU«JI1CHI| /• Mi tilt pitch of dttt. trrty •/ 
pokt>of <0T0«. •UIH.om.VAOl /• OH trrty tldth, OTi trrty hotoht •/ 
ttfl (■ MKIIT I, I "II 



> 

) /• dltpltyjlnotrprlnt •/ 



/• ; 

/• 

tunc twmt VOI0 dt»plty_coo*rtO 

fejrpotti Oltplty tht loll or Ploln loott froa tht flvon eontrt 
(loll or PUIn) by wtlnt ttroltnt.thrv faction 
•« ttturntt «ont 

•/ 

VOID dltpUy_to*tro tlo*ft.typt_t ctaort) 

( 

ktytypt.t koy.typof 

UOTTI •trt_tt«rt - *tr f •dtt.tttrt.ptrj 
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■ 1 ajwtdffvrM, tdat tort); 
bftak; 

cat* KOllJtlGMTt 

brtak; 

(III tOU_UHi 

t«v«_coluir«(t^vr«A,l^U_itor«,0 # «c*A_t 1r«); 

brttk; 

> 

twrn_tr«b p off<CM«rft); 
tU»joova(l<Uu_ttor#,4^lnr«i)j 

> 

lf< Ccapticr_k«y_«cr(k«y_pr«M«dB) I* NUll ) 

(*Cipticr_kty_icr(keyj>fti««0)< 1m 6 «. DtAV ); 

lf{ <*c*pucr_k«y_«ct(k«yj>r««i«fl) !• Mill ) 

fit • <*c«pucr fl kty_act(ktY_pr»tMd))( 1asgt ); 

if( rtt CAPT_SAVCi*C > 

( 

r«tum< r«t ); 

> 

> 

) /• iftdpf while V 

) 

•lit If CUmrt toil U c.ptjiir «0_D!l> || cmrt — HA IN) 



turn_trtb_on (<«iot.CMwri, 1); 
kiy^rtllld • TTttJJOJIfSPONSC ; 

*>Ui< kty^rttttd l« TYtt_SCAIMCCv U k«yj>rtii«* I* TTPf SAVC «T> 
C 

/• 

•• DUplay <mq« by copy MnotrprlM fro* gr«bfc»r VRAM to 

•• dltplty VtAM. 

•/ 

dUplty_flngirpr<nt (cam-*, trc_tttrt_ptr, dtl.9Ufl.pif); 
kty^priitad • OS0»md_kty<); 
/• 

•* turn off tht frafabar whan tht ttvt kty U prttttd 
•/ 

HCkty^prttiad Tm M uvt w ar) 
€ 

turn^rab_off<ctmri); 

> 

1f< (*capticr_kay_icr(kay ari priiitd)) i« null > 

(*ctpt«r.kty^iCf(kty^ftit«dl)< Im 0 «, oiau ); 

IfC (*ctpucr 9 k«y w KC(k«y^rttt«Q> l« HJU ) 

< 

ftt ■ (•ctptteOty.tctlkty^ftittdlX l«toa ); 
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copt_ottto-unj 

) 

If (t.odoo < forJ_o4oo) 

utjj*** ■ i_**«; 

If <r.odoo > for„r_o4M> 

> 

otto 

•ovt coluMCi^vrM.ldaU.ttort.O.icanJlMl; 
dUp7#y.eoluw>.J(W«t t .ttoM f AdU^wl«doi#.0 f te«nJln«); 

copt.fUtoHlH; 

) 



brook; 
ctM CIM; 

Mali for tho octlvo oro« to fo my 

Hhtn It doti, dott<t tho chonood irui ond 

t«g tht Mntl l«H« 

•/ 

If (f^tKt - .tdatf(ictntr«l.r©irt # tdii.toW«et«vt 1 .thrMhotd ( 
* *r_tdgo,*l.od«o» 

( 
) 

olio 

< 

turner ab_of f< c«wn ) ; 

capt_tutt««KC; 

> 

brotk; 

catt GOMC: 
/• 

•• don't do onytMn* 
V 

brtok; 

dafoultt 

brook; 

) 

ktyj>rtMod • OWPondJwOS 
/• 

fU i* tht d«« otoro In cut tho mvi koy It pr««od 
btfort tho ond of tho roll 

Thon turn tho or**' off ond oovo tho doti.itoro 
bock Into tho ortbotr »tn oVt*. 

V 

lf(k«yj>rouod WtJAVfjen) 
< 

oultch Ccopt.tUto) 

< 

com 
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VOID lood_Uffm_toJllnlro* (UfTTt Urcj>Xr) 
< 

rooUttf ULOMO «dj 

rt|1tltr MTTI ••; 
ftftlUr LON0 ft; 

• • tre^ptrj 

d ■ (U10M0 •mUJUAMJAH; 
# H ■ 6MJ6; 
do 

•dM • 

) /• lood_LUTm_to_Mr4roo •/ 



/• 

•• GclcuUto the Kin function ond itort to the Orm, 
Utir wilt cop/ to n\rHrm 

•/ 

VOID c«UwUto_*(nfunctUf_to_Or«« (VQIO) 

< 

UtTTI i_d, mm, •ptr, out; 
UIOMG cond; 

ptr ■ (MTU •WIMfUKC.tUTTlL; 

for ( M • 0; am « »6; m~ ) 

for ( o_d ■ 0; «_d « 256; > 
< 

cond • (UlTTDMoorO (mm, od) • f# cuf tlvoj octor; 

If { cond m SO ) 

out • m ■• (cond ♦ 30) / 100; 
oloo If ( cond » 0 ) 

Out • (UlTTimoofO imm t 1); 

•(It 

out • mmf 

If (i.d « dctoctjovol) 

•ptr** • out | 1; 

•lot 

•ptr~ • out 4 0«fc; 

> 

> /• cttcuUto_«lnfimUT_to_Oro* •/ 

/• 

/• 

Colculitt tho ttraltht Thru ond More to tfco Orm, 
•• Utcr ttltl copy to MnSroo 

V 

VOID ciUuUtf s «trol|M_thrulvT_to Or mm (VOID) 

( 

WTTl ijl, mm. •ptr; 

ptr • (uorrt # itiiuiofiTjMu.iurm; 

for < mm • 0/ mo < 254/ mmm~ ) 

for ( o_d • 0; c.d « 256; o^oVo ) 
If (i.d « 110) 
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•otr~ • a_d | U 

tlM 

•ptr** ■ ojrf 4 M*i 
) /• cate«Uto_atra1a>t.thrvLtn.to.OroM •/ 



/ 

/• 

ColctiUta tho Tagging function and itort to tht Oram, 
Utar Mill cow to AlnlraM 

•/ 

V010 caicyUtt.tMQlnaLUT.to.Drw (VOID) 

( 

uam a_d, mom, •ptr; 
UQTTl w; 

ptr - (uarit •IMtt.TiCfilllG.lUTTQL; 

lor ( mm • 0; mm « 256; ) 

for < a_d • 0; o_d « 256; a.d** ) 
C 

If < changing. thraahold > 0) 

C w • <<UtO*<C>«.d • <UUONC)<100 • thonging. thrtthold) / (UIOMG)IOO); 

If ( (w « mm) || (o.d « toojior*_v«luo> ) 

•ptr** • rmm i MUHfH; /• untig Cwfclto) •/ 
oloa 

•ptr** • mm | 1; /* t«Q «« r *> */ 

> 

tUo 

> 

> /• calcuUto.tagalnaun_to.DroM •/ 

## / 

/* 

/• 

•• Cop? latgo fro* Ulrfram (2046 # 1024) to 0ro» <IOUt97* # 976... or 
•« 'UtaiMOO, 1600... continuously). 

Ma Imqo U upalda down In UlrOrcn and It atorod to Pro* r latitat* up 

•/ 

VOID copyJoooo.to.DroM <lMagt_typa.t com.™, UUM0 iM9.ttoro.oddr, 
Int M.bytoa, Int Mdjwrda) 

< 

Int II, |j; 

UL0M0 •arc.ptr, *dat.ptr; 



A* 

♦• caUulata tho ofUat of tho octtvo taoao 

«0Tft (OMQO offtot In coprJa»M.to_0rQ«C) l lood.oquraf.to.lc^roMO. 
pfocoQ«.callbratlafi() aMulal bo tho aosv. 

•/ 

datjJtr • (UL0MS •)lMa.atort.oddr; 
arc^tr • (UL0NC •IMVJWMJMtt; 

If < eoMora ULL ) 

!rc otr •• *tmu*J*JU*t • (ht.bytta ♦ HIODtAM.tOLL.IOI.a.OrflfT) 
♦ ptlHOtAH.aOLL.COL.W.OffaT; /• 512 • <960 • 56) * 24 •/ 

) 
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•lit 

< 

♦ mmvujlAlUJOLJiJSflltl; /• SU • <f.o ♦ 3D ♦ 39 */ 

> 

for ( H • 0; M « htjytos; !!*♦ ) 
( 

for ( JJ • 0; JJ « wriwonte; JJ~ ) 
•dst_ptr~ ■ ••rc - ptr~; 

/■ 

•• go to tho boQlonlna of tho prcvloui row 
•/ 

•rc j>tr NtNDlUM^IA.UMOS ♦ wdword*; 

> 

) /* eopvj«*9«ja.0roo V 



/• 

copy tho oquoltto rtforoneo of tho oWon comrt from tho Oroa to €*4ro» 

V 

VOI0 Uodoqur«f_to JqU)r« < l«wg*.*rP«_« t*mr*) 

( 

UIXMG •sre.ptr, •dit.ptr; 
UIONG offsotjovol; 
fnt «dj»rd*, ht.bytoo; 
Int (I, J J, oquoaUts; 
UUMG dork.offoit • 0; 
roojttir uuwa *i,*d; 

f I ( ooiwro •• 1011 ) 
( 

Hd.«ordo • louja.wowi/ 

•rc^ptr • (UtttG •)*0U_10UJKMII; 
oqu_oxlitt • rotlo9j_oifiti; 
offootjovol ■ roU.offoot; 
) 

0U0 

t 

ht_byt« • ruiiJiT.WU; 

«d_«ord« • rtAlKjUD^VOMI; 

•rc^ptr • (UtOMC MKAWJOUtUUl; 

oqj_o*Wu • plotnoqu_o*t§U: 

offtot.iovot • pUlnoffoot; 

) 

H < oqu.tilitt ) 

< 

/• 

" ff tho oquolliotlon roforonco oolott wo fot tho voiuo of tho 
•• dark offMt coUutotod from tho poik lovol of 
•• tho dork <*«ao hlitogroa, 
•/ 

<Urlc_ofU«t • •<UWt •)srcj>tr; 



•• fho 1o»0o ot tho l<M>r«i should bo ooctly •• fKrCron. to us* ill 
•• nirOrm doflnoo. 
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m MU uLt» «M tffMt •! tM »etlv. Im* 
- MOT! i «" «<wJ« 8 ..to_or-(), 

*• fit* MM. 

•/ 

(f { MMN •• Mil ) 

Lt otr mmman wo yowt • (Kt.byt.. ♦ wmmjnjMJJ*™ 



> 

•tt« 



1. «• minimum » mi • (M bytn ♦ mnom«_puiM«-«J>"« t > 



) 



/• 

crATMf«f tut to tht word» 

• • •rc.ptr; 



C 

ii f majmui 

fendTf 



> 

tlM 



) 



/• 

th. ltr.l*t «w «tf .t.r. f tti MM ■* 



cttcuUit 

( 

lAOttQ *P tf * 
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f or < mm • 0| mm « 2So; mm~ ) 

for { o_d • 0; ijd < »©; > 
< 

•ptr** ■ •J | 1i 

> 

> /• io*_otr*loht_tbruLUT_toJllraro» •/ 



cop* »M o*joIUo ftf«f«nci of MUI lr« tho Or*, to tqHro* 

•/ 

voio lo*d j*l«_oqurtf_to_l<M>rt* <VOI0> 

( 

uitti ••re.pir; 
uiONfl *d*t j>tr; 
(ac M; 

ULOHO <Urk_offoot; 

If ( pot«*qu_#aUtt ) 

( 

•rcj>tr • <i*m •iwwjou.urm: 

dot_Ptr • <UtOMC •)I«J„0iAMMS«; 
/• 

«• lit tho voluo of th« dark off»«t colculotod fron tho p»ok 
•• tovol of th« dark 1mo« Mitoorom. 

<Urkj>fft«t • •<UC0UC •)»rc - ptrj 

•ro^tr ♦• 7; 

for ( H • 0; M « Mmjup^mifa > 

•dot^tr** • •§rc - ptr~; 

• If IMOJttUG 

lood.otrolght.thi^Uf Jlt«_to_«o^Sr«* {); 

foloo 

lo*_o*XUT_to_iausrooi (pol^offMt^rk.offMt f «»otirod.tqa.voiuo); 

f«ndtf 

) 

tltf 

lood_otro<ght_thrulUT_toJauSro» (); 

o*jrof_coj«ro • mflJCMj 
) /• lood.oqurof.toj**'*" •/ 

JoraHf /• PHMJCUmt* *l 

/• • 

btlw f«t«om or* ccotoa for f logtf ocwmor ond polo oeonnor 

•/ 



/• 

•• CotcwUto tho oojuollto LUT f AILC ond otoro to tho CQUMA* 

VOIO lood^Uf.to.tflUfro- <m«0 PffMt, Ut«0 dork.offMt, UU*0 doolrodl 

( 

uiooo o_d. # P«'. out. w, oo; 
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ptr • CUUMO •>tOU_ttA*tU€; 

for i i_d • Of o_4 < 256; o_©** ) 

for < mm • 0; mm « 294; ) 
C 

oo • floorO Cm, dork_offoot); 

If C — f 0 ) 
< 

•Ml • (UlOtfQXdoolroOofftot) * 
ftoorO<o.d,dork„off«ot) / oo; 

If (out ► of foot) 

out • out • of foot ; 

oloo out ■ 0; 

) 

oloo 

out • 254; 

If ( out < 0 ) 
out ■ 0; 

If < out > 2)4 ) 
out • 254; 

•ptr** • out | 1; 

> 

) /• t ood_oqiAUT_t o_eous root •/ 



/• 

•• Calculoto tht 1 trolght thru of now fra«« ond ttoro to tht tou Sroa 

•/ 

voio tood_otrolght_thruLUT_to_fojjSr*i (VOID) 
< 

UION0 o_d, mm, •ptr; 

ptr • (UCONC •HQUJMMJUSl; 

for C o_4 • 0; o_d « 256; o_©>* ) 

for C om • 0; ■»» « 256; ) 
C 

•ptr** • o.4 | 1; 
> /• lood.otrolflht.thruLUT.to.CojuSrooi •/ 
II f 1W.0IKW 



/• - 

CoUuloto tho ItrotoM Thru of mmmry't im* ond ttoro to tho to** tro* 
«OTIi ThU routlno lo for Otougoln* purpooo 

•/ 

VOtO I ood_it rol o« t.thrutUT J0l«_t9 JquSro* <VOl0> 
( 

Ut«0 o_d, mm, •ptr; 

ptr • (ULONO *)t0UJULA*JUtl; 

for C o_4 • 0; 0.4 « 256; o_d»* ) 

for ( mm • 0; mm « 256; om»* ) 
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< 

•ptr~ • mm \ %t 
> 



CalcuUtt tho dlvUloo tp «tt fid of IM ovtrflon 

•/ 

ukmq floerO (ULONQ • , UIQMO b) 

< 

If ( • >• b ) 

r#tun> (• • b); 

•Ut 

rtturo CO); 
) f loorO •/ 



Setup the bulc grapMc function 

•/ 

void ttue w or«*1c (void) 
( 

Mt.conftf (0, 10); 
c I wjJhoi r na( ) ; 

Mlfontjd • ImttllJoAt acorou*29); 
blflfontjd - InmUJoM <lcorput49); 

Ulon tontlCOWttV) • ln«t«U Jonr <Uorpui29>; 
tti«n*fon« (COHnjUfl • tmiall_font <Uorpu*A*>; 

••ioctjont <«*UontJd)j 
ftt_f«if Info (•■Ifantjd, Uontlnfo); 
•■Ifont.cborolfh • fontlnlo.cHorMo*: 
MlfonO**™ 1 ** " fontlnfo.chtmldt; 

Mloct.fant (blgfontjd); 
gotjontlnfo (blffoncjd, ftfontlnfo); 
bltfont^efiorMo* • font1Mo.ch»rt»l|h; 
blofonOhoruldo • fontlnfo.chonildoj 
) /* ••u* a jrapMc •/ 



/• ond o# tspJMt.e •/ 
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• rile mi userlntf .e 

• Purpose: User Interfece on icmmr for telon 1000. 

• Oete: Jen-05-»4 

• Author: lllen Tu 
• 

• Ml story: 

• 05-12-94 Joyce Towng, fill Minors* with Mitftff* It not needed. 

• 06*11-94 Joyce Toung, «M ilfndef NrA for SPA 

• 0©**0*94 CUm Tu, turn grefabor on 2 from In PrevlnltAct 

• 09*12-94 Joyce Toung, odd dtepley.testO to dttploy gonerel Miu«t to 

• coll tt«t.out<> 4 kenJIjjutO seperetely 

• 09/22/94 JT, «ov« setup of UtonJontlCO*PV/S2?l I ietonJontCCOSnjS49) 

froa PrlntTltleO to setuo.gr eph1c()« othemUe, If eotllno 
PrlntTltleO oovorol ttaee, wilt up the tolonjont Coble 

• 11-15*94 JT, delete ilfndof UFA, to keep displaying Pigfunc Imge 

• 11*17»94 JT, odd teatJengthO to fit test length to celt teetjildtht) 

• * kenjl _length(> seperetely 

• 11/10/94 JT, delete CAPT_AiOAT coat 

• 12*21*94 IT, flood displaying UlNfunc loogo 

• 01/21/95 JT, delstc unneeesssry Includo flits 

• 02/17/95 TS, owed out button ectlon routines to tngrcept 
/ 



/ Include* V 

f Includo "sldtypes.h" 
•"Include "eolordef .h« 
I Includo •coorddef .M 
•Includo •gsp.oofi.h* 
I Include ■gip.font.h- 
f Include «atp_test.fi* 
•include ■logglods.h- 
0 Include "seM.slU.h" 



/• Isternol functions •/ 

/ Prototype * V 

VOI0 PMntTltle (VOIO); 

VOI0 dlspley.test <MO*T m, SNOUT yy, VOIO •string, SHOtT knjjont); 
SH0K1 ttstjtngth <V0t0 *etrlng, *M0*T knjjont); 



/• Gtobsl Von / 

SCftTfXf.f title test {) • 

C 

< cot pu 149, aim, WIITI, WU.TXT.X, uui.txtj. mu.m.i, 
fini.ro«T.ii # 0, TITU.TKT >, 

< C0WVI49. 0UT4, WMITI, WtllCMf JM.I. C0PTIKKT.TXT J, COTYilOMTJXT.I, 

wriionvoxf.ii, o, comiGXT.w >, 

flfnrisf PAlM.ICAIOIfl 

C C0WI29, 0MTO, Will, ¥lMI0H.f«JI ( VUllON.Uf J , VtMIOPjIt.I, 
milOM.mT.R, 0, MCijUW > 

set so 

< COVUS29, GICT6, WNITC, VWtfOi.fll.I. «MIOX.TXTJ f VWSWJXTJ, 
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VMIIOi_rOMT.ll, 0. PAL* VM IXT ) 

•Oftflf 

>: 



/• 

/• 

- Oltplty tht plvon ttrlno on tht <ju, yy) petition for tlthcr Cngtlth or 
*«nM 

•/ 

VOIO dltplty.tut (SH0*T ju, IHOtT yy, VOI0 ••tflng, SKOtr knj font) 
< 

flfndtf XAJU! 

ttxt.out <u, yy, (chtr •)itr|na>; 
Mm 

konjl.out Cu, yy, (SftOtT Muring, knj font); 
ttndlf 

) /• dUptay_t««t V 

/ 

/• 

Got tho Itnotft of tht fllvon itrfno olthor lor CnglWh or for KtnJI 

V 

l*»T tot.tonoth (VOIO 'tiring, IMORT knj font) 
< 

thort Wjt; 

flfndtf KAN J I 

Wjt • tt«t.nfdth (Ichor Mitring); 
Potto 

U«_« • fconjljongth <(t*0«T «)ttrlng, knj font); 
Pondlf 

roturn (UtjO; 
) /• Uatjongth */ 

/•••••••••••••••• 

• f\mc nmi rrlntTltltO 

• Purpott: Oltplty tht TALON 1000 tltU ond copyright 

• Ottt; Jtn-03-94 

• Authon ctton Tt# 



VOIO •HntTltlt (VOIO) 
C 

SCtfCXTJ •utptr; 
Uiort Utj§; 

/• 

•* Colony Cltlt 
V 

Utptr • ltlttttt«t(0); 

ttt_eoUr*< titptr-Mcolor, tttptr*>bcolor ); 
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Mt«ecJ«\tC ulonJonUtttptr-*fontl ); 

m_« • t«*t_wldth < t«ptr*»itrptr >; 

utptr*»ipotn • <Wtw • ttt.it) / I; 

ttit.ouU Utptr->Kpo§ft, tttptr-»yp°™# utptr-wrptf ); 

/• 
•/ 

tJitptr • fttltUttat(l); 

»«t_colort< utptr-Weolor, t*tptr->bcolor ); 

••Uct_font< t«lonjofttiutptr->fontl ); 

tttj* ■ mtjtldtn i Utptf>«trptr ); 

Utpir-»Kpotn • (tOMJ • Ut^) / 2; 

t«t.out( utptr->*pow* 4 mptroypotn, utptr-Mtrptf ); 

/• 

~ V«rt1on «rd tyj» •* «c«nntf 
•/ 

Utptr • ItUUttittfJ; 

Mt_color«< wptr-Mcolor, mptr*>bc«Ur ); 
••l»etJont< t«lon_#©nttt*tptr->fofttl ): 

Utj* ■ uit.Mldth ( t*tptr«»«trpu ); 
txtptr»xpo«n • <sc*_w • t*t_*> / 2; 

tcxt_out< mptr.»*po»«. t»tptr->ypotn # Utptr-Mtrpir ); 
) /* PrlntTUU •/ 



/• «od *f u»«r Intf.c V 
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/• 



Flit MMt lIllO.C 

Kirpo*«: touttnot for handling manoty (wot* In tht 54010. 
Ofttct 0cf0$*93 
Author i lea tortor 
Ml story i 



V 



/ include* V 

'Include Mlolo.h- 

vold byttbUO.byttfUOi 

/ / 

void oUj^id.a, i t u t h) 
*\* 

uuforwd char *•; 

Int l,w,h; 

< 

d->§ • 
d-M • I; 
d*>« • «; 
d«»h • h; 

> 

/ ' / 

void •la_iubMt<t,d,x 4 y,* i h) 
«l« 

tnt *.y,*»h; 

( 

d-»l • 

d->o • >; 
d->w ■ m; 
d-»h * h; 

) 

/ •/ 

void ata_novt(t,d) 
Nf« "o^d; 

( 

tpytiOlMfM^ioD^J^^d.W^O^J^^h.t-^.OjiOOOe); 

) 

/ / 

void •l*jnv«.c<t # d,c) 

Int c; 
< 

brttblt<»-»i,(i-M)<<3,d*M,(d-M)«) t § »h ( t >»-,c); 

> 

/ / 

untlfnod dior • ■U_odr<t,ii,y> 
«l« 

( 

r«tvrnU»*»O***y*(0-H )); 

> 
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void ai*ttit(t, « f h) 
*!« ••; 

< 

•h • 

> 



/♦ 

in% a(aJncU) 

< 

r«tun>(t*H)2 

) 



void ■la.fUUd, v) 
«l« *d; 

irtt v; 
( 

brt«fU(vMxff tf d-»« # (d-»l)«<3 9 d-»h f d-»w r OjiO00c); 



/ 

void *Ujm_e(d, v« €) 

< 

byttfH(vt0«ff f d^o,(d->O«J l d->h J d-^c); 



/ 

/• oftd of alaU.c •/ 
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/• 

•• FlUmti trafabor.c 

•• •urpooot touting to hondla tho Qnbbor. 

- Oittt 11/14/93 

*• Author t Joyco Tour* 

- MUtoryi 

- 05/05/94 Joyto Young, A* mk roglttor for display (CAAglEI CltU SASt) 

- 01/04/95 tiim Tu, Chan** Idontttln ttylo. 

04/13/95 ti • dlffarant turnj»-abj»_nona.t, oadlfUd turnoff, 

prototypes to dip fune.h 
04/19/95 ft • Addod tammxu. 

V 

'tnctufc "•tdtypoa.h" 
tlncludo •la^dtft.M 
flncludt •tjao.addr.h* 
'Includa •aapjunc.h* 



(AltUtUt Clio W Grafabtr: tttu? tha Vldao Control ^ Cr.bbar Control. 

VO10 lnlt_f»p_0rabbor <VOf0) 

( 

/• 

Sttup tho Vlooo Control: 
rood tho tyttoji ftosourcoa (oddrooo It tho tra at video Control) 
" If th. valu. of tho SVGA Sync Input dotoctod (bit 6) It 0 (non»< |. t) 
- than Mt Vldoo lourco ti Utornal Sync Sourct rbttt O . 01). othor-Uo * 
•• tot at Internal Sync Sourct (bit 1-0 • 00). 
•• 

V 

NUICW0 •M«0_CO*T«Ot_IASC • 0*00000000; 
•<UU*S *)GAAil(A M ClALl*tASC • Mfffffff] 

/* 

Turn tho Qretabor 0/f 

V 

turnjreo.off (I0U); 
> /• 1nlt_9tp_frftt*or •/ 



lurn Grat off # polling Crabber ttatua till off (bltO - 0), 

VOI0 tum^rob.off Ueoge.type t ceaara) 

< 

flfndaf 0tiAAlf_CAAI 

/•— it turo bit T bo cleared, no le*ae reduction 
If t tm+$ mm mi > 

•WTTf MCAAiSW.CTUO OAK • 0*70; 

OlM 

•MfM 9 )6AAMCR M CTlL0 ap iASC • 0*10; 
•olt far Orob ft disabled C81T0 becoeot 1) 



/• 
•• 

V 

W»lte < f((*(UifT| MCAAStCI_CTRlO_SA$C> A 1) ) 
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/• 

nalc for tM WUmC iurt ; 

HOtt: ntod to tilt VIUWC off/on. otMcvL., Crottor .«tt~. do.* not 

roolly turn off 

•/ 

uhlW ( HCMWTTl MWAWW.CTIlOWt) & 2> ) 



Ulllf C ((MUStll •>CaA8U*_CmO_IASI> I 2) ) 

# 

fandlf 

> /• tum.ifob.off •/ 



/ 

/• 

Turn Orottbtr on with ro**od dltploy 
polling Grobbor sdtui Hit on <bltO ■ 1). 

•/ 

VOID turnjrab.on <lo*gt_typt_t c-ntro, Int frow.nuo) 

( 

iMndof OlttlU.WAi 

Int H; 

if ( c«Mri tOLl ) 
•Ut 

Mlt for Crtb U •noblod (OHO boco-o 0> 
uMK ( (CMUiYTI MCMMW.CmO.tASC) t \) ) 



for < II • 0; H « frofl»jw»; H~ > 

Lilt { KC(MtTC •)CUMH.CTIL0^MSC) * 2) > 

; 

*IU < <C(WTTi •>CIU8Ui.CttL0.MU) I 2) ) 

5 

> 

iordlf 

) /• turn_grob_on V 



/ 

/• 

« Turn Crobbtr on «Uh norool dlftpUy 

•• polling Orobbtf Itttus tilt on <bU0 • 1). 

WIO turn.«rob.on.nonMl 0~0O«*-< ,ftt ""J*** 

{ 

flfnoof 

Int Hj 

If ( <«wro «OU ) 

•{U8TTI •)«AMU_CTtlO - IAtt ■ 0*7r; 

•CUlfTI •>CtAWM.CTit0.tASf • 0*tf; 
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V 

typadtf «ta law_typt_t 

C 

KOU, 

run. 

MCWjCAMCRA 



««ndlf /♦ MQJftEMJI •/ 
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ourpooot Ooflriltlono to handU tho fo»ooo dltploy or copturo for Hoot, 
DSP and CX»- 
' Ootot 10/11/91 
» Auttiori Joyco Too* 

• 11/02/93 • Illon Tu 

• 01/26794 • Joyct Yocr*, Add A0UJKSOLUT10* 4 ^Uli.lCSOCUTiOH 

• 02/02/94 • Ulon Tg # loporoto into l«Q_d*f*.h ond laoelafco.h. 

• 02/02/94 • Joyeo Tou*, Add tfu d»f Inltlono for tot ML* eowro 

• 11/21/94 • JT, Add Hfdof ttll_MUI 10 wort ntv »AtA 

• 01/13/9$ • JT, cliongo poU pUolo for nt« MPA pais 



«lfnd«f UWOIMJI 
id«f|f» tMOjDCMjl 



*fcfir» iOCLjyO.ITTII 

ftfcflf* tOUjUVOODI 

*»ftf* MUJtTJWUI 

fdtflAO ftOUJUD.PIUlf 

fdtflf* *OUJU_»lXlll 

idtflm iOUJlT_IC«OLUT10« 

fcfeflr* ■OLl.VtJKMUlTW* 

**ftr» Mil.llT_rWI«l 



Idtfim iU!MJ».UOtO< 

A* Mr* PUMJff.imS 

ftfcfint PUHJIT.AIXIU 

MaflfW »Ul*Jlf.ttSOLUT!0* 

Odiflr.0 ^Ul».VT.«ltOtUTI« 

Mflra KAI«JIT.«tPI«L 



960 

<IOUjyO_iTU$ / 4) 

960 

960 

960 

600 

600 

a 

1600 

(nAU.up.sm* / 4> 

9To 

1600 

976 

300 

500 



•Hoof «vmlm 

Adcffno PALM.WOJimt 
*Ut\r* PAlAJIT.PimO 

Adtfint PAmji?jiMau/Ti(* 

fdtflM 9AU1.VT.MIOUJTI0N 
ftdtflno »AlH.IIT^fMI«t 

ftdtfiitt mwimi 

Adtfint wu.rr.Mttii 

ddofino MitjrT.iuaumoN 

fdofint wa.vT.wtouniw 

•doflno RCU.IIT.Wft»Ittl 
NtlO 

idtflnt •AmjyOJTTIf 

#d«f ino pauijajmm 

Odtflrw PAUjnjmi 

Adoflno 9H*J*J\*M 

•doflno fAUI.KT.Mttll 

•doflno PAmjTJIIOlUTlOO 

Adtflno AAUi.VTJtflOlUTW 

•dtflno PiXMJMJWim 
•ondlf 



2400 
2040 

soa 

300 

• 

2400 
1040 

PAl«.«T.ttS0tUll0» 
rAuTvTJKSOlUTlO* 



274A 

(AAlMJO.IfTCS / 4) 
27a 

•Amjyojrui 

AAm.Mf.WUf 

300 

500 

t 



pf nolo por row •/ 
•/ 



• pUott por rou •/ 
► roiio V 



/• 

tOU: «*t bo 0 
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UrdU f WJU* •/ 
♦*rdlf /• «*_AUC_I •/ 
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QtPJBHJKXJJ* Kill bo stored ifttf alt tablet, then followed by 
MttALJKAGIJtDOft. 



•define 0SP6SP Of© tUf 



Oxcoooaooo 



r oxioow •/ 



Iht ordtr of the PCJAMMCTEM <UL0H6)s 
•• for f Inger tcenrnr 

•* 1. fin of the ftOU equalization file axUtt (1-exUte) 

2. Uh of the rUIM equellxxtlon fU« exleti (ImxIiU) 
1. Hag of the ptr«Mt#r Hie uliti (1««ilitl) 

~ 4,... the ni6iri of the veluee In the pere.dat file If «Utt 



for rxlft scanner 

1. flea of the PAL* equelltatlon flic (paU.ooji) «Uti O-exliti) 
- 2. MM «f the WW dewerplng flU (peleuwrp) «UU O-sxIttt) 

V 

edeftno PC PAAAMCTtJIS OXC0004000 /* 0*40 */ 



The general return results of CSP coawend processing, defined In the 
•• tcincntd.h, Mill be stored efter ill lavjgo peremeter. In PC_»AxA*mtS. 
•• If total nuabers of the teago pereflwteri exceed to 0x40 In the future. 

this eddret* needs to be chenged. 

•/ 

•define C9WAK0JCrUtH.lt SUITS OxC0004600 /• rtierved 10W epecee */ 



•• below lor ringer scanner 

•/ 

•define StRAICUVWW^lUITiL OxC0004600 

•define MWfUllCJ^TTlL OxC0O64«0O 

•define FNCI^TACQ I ifl_LUTI II OxCO 104600 

•define *0UJ0UWI6l OsC0164600 

•define PUM lOIUMIt OxC068C800 



/• 0i4000 2)6*256/4 •/ 
/• 0x4000 256*256/4 •/ 
/• 0a4000 256*256/4 •/ 
/• 0x36400 06O-960/4 •/ 
/• Ox5f500 1600*976/4 •/ 



*• GDAAN address In fngrgipe.cffld 
•• f UULJXPJOQfPJtQWX . If eny 
*/ 

•define r*Ci_CSP_COM_P*0CiAA 
•define fVGI riMAL iMAGC.ADOt 



4 fngrgipj.cffd need to be notched with 
one boon chenged. choivje the other # too 



0XCU76600 
0xC6600000 



/• 0x7000 */ 



*« below for PAIA ecenner 

V 
/• 

•* ODtAM address In peleejepe.cmd 
PAUI.aSP.COf^PIOaUH, If ony 

V 

•define PAUMOUJWIll 
•define PAlACSP.COff JtOGMH 

flfndtf WW.PAIK 

•define PAl*JIIIAtJMtt_Atf>l 

Pel to 

•define PAUM>CUUP_Tll 

•define miJlUlJIMlJMt 

•define PAUI.PIMAIJIUCC.AM1 
If 



6 pelngxpj.ud need to be fetched with 
one been changed, change the other, too 

OXC0O04600 /• 2%00/4 •/ 

oxcoooeaoo /• Oxrooo •/ 



OxCOOfCAOO /* 2746*274e/4«0*lCCl84 •/ 

0XC00CC600 /* 0x300 (3072/4) •/ 

OxCOOf 2600 /* 2400*1040/4»0x98580 */ 

OxCUfDBOO /* 2400*2040/4-0*12od40 •/ 
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1. flog of tho tOU tojMllMtlon flto nlMi (t«o*litol 

2. flag of tho rum oqutUtotlon flit MUtl (1*e»Uto> 
5. ft* of tho poroootof flto wlott Cl-t*Utt) 
4.... thf rufcort of tho volute In tht pere.dtt fflo If oxltti 

for Polo tconner 

t # fU 0 of tht MW tpuoMxttlon flit (polw.**)) «!«• <lM*l*tt> 

2. flog Of tht PAW dtwplno fUt (peU.urp) t*Utt (Uttltttl 

•/ 

fcfeHn* PCJ>AJlA*tTMi C*C00200 /• 0*40 V 




Tho roiultt of in* pltten check for tho flngtr tconner, dtMntd In tht 
structure of p4*ten_cheek_re*ult.t In tcant*Bd.h. *Hl bt stored oftor 

•• Oil lM9« ptPOMttrt ffl K^AMWfTUt. 

If totti mirtwrt of tho 1**ge perontttrt t*eeed to 0*40 In tht future, 
•• tht ■ oddrttt needt to bt chenoed. 

V 

**ffr» CtMOiiO.ICTUtli.ftESJLTS 0.C002J0 /* r*e*rved 10W opectt •/ 



•• belou for Mnoer tcenntr 
•/ 

idtfln* STWOHT^mUJ.Utm 0*CO0240 

Od*ffn* NlUfUNC^tUTm 0*CO4240 

id*fln* fMCHJACGIiC.LUTliL 0*008240 

fdvHnt lOlOwjUMoL 0*C0C240 

idtflno PlAinjOiJVm 0*C44o40 



/• OiiOOO 256-250/4 •/ 
/• 0*4000 25o«256/4 •/ 
/• 0»4000 2So # 256/4 •/ 
/• 0*3*400 060^60/4 •/ 
/• 0*5*500 1600«97o/4 •/ 



GOftAM oddrttt In fngrQtpe.ced ft fnorotpj.cod need to bt ootched « 
F*C*_CSP_COF F^ROQUM . If »ny on* bMfl changed, change th* othtr. 

•/ 

•oof in* fMCi_GtP_corr_MoatAA o*caj»40 /• 0*7000 V 

Od*ffn* f*Q*J\*klJ*AQl_*DQ* OnfOOOOO 



•• bolow for PALM teonmr 

•/ 

/• 

•• GDftAM oddrttt in potato*. cad 4 petegtpj.ctd nood to bo touched elth 
•• PAl*J&JX9fJMtaCU* . If any on* boon changed, change tht other, too 
*/ 

ftfaftnt PAlH^au.WTIl 0*C00240 /• 2400/4 •/ 

Mtffm PAUI_6SP_CO«M>iOC«iu1 0*C00640 P 0*7000 •/ 



flfndtf MCVPAIM 

idtflno PALMJIIALJNACC.AOOK 

lotto 

idtflno MdMjWMPJtl 
idtflno *tllJ\*ALJ*H*_toO* 
idtflno PAWJIIULJIUC*_A00I 



0*C07o40 / # 274**274oA«0«1CCE84 •/ 

0*007640 . /• 0*300 {3072/4) •/ 

0*C07940 /• 2400«t040/4.0«96SaO •/ 

0*C9F ICO /• 2400*204P/4«0*12od40 •/ 



ioito r WJUP •/ 



/• 

•• Oreo trot to ttore tho leege prectaa bf W0 long tht 

tht flrtt 2 lte*», OVCV.Otc^Wf 4 pCJAAAMTIIS «IH b* th* see* oroo 

to tht flngtr tcenntr ond th* ptto tconntr. 
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/• 

** Purpotot Oof fnltlon of — ory tUocttlon of oof twtre. 
*+ tf tho progrta wanto to run W/UA0AC/8051 functions under 

tho Otf np # odd tht coaplltr option othorwloo, 
thooo function* will run vnd«r w tap. 
Ottt; OJ/27/94 
Author i Joyct Toung 
MUtoryt 

•• 02/04/94 Joyct Touhq, Add tho definitions of tho OS* OtAM tAMt 
03/15/94 Joyct Toung, ftttrrtngt tho Orttdtnltt 
04/07/94 Joyct Toung, teorrongo tho Oreofttnkt Co lupport KtnJI 
•• 05/20/94 (lien Tu, towed unneeotttry dtflrwj't. Chang «d tho 
•• r«c*_f iMAL.iiua.AOot fro* oaooooo to OxfQOOOO 

— 06/07/94 Joyct fount, odd COOUJO^RCTUtM.U SULtl to support pit ten check. 
•• 04/11/94 Joyct fount ff todlfy tho ctMnti 

11/22/94 JT, odd flfnrftf «Ctf_»AUI to tupoort new PAIN 

01/18/9) JT, aodlfy for ptla tablet 

V 



Olfndtf KEKJtllCjl 
*Jtf <nt NeM_AUC.il 



/• 

•* tolow MMory ojpi tro dlfftrent froa 01* tnd C$T. 

•• Wt utt tho tomt mm on tho both OS* tnd OS* codet, but 

cotpllt with «dD$?JUP option If tho progrta It emitted on P$r or 
•• coapllt without - & ttJAAP option If tht progrm It «wUt«d on CP. 
•/ 



Offdtf OS* JUT 



•• MOTCs flngtr oconmr will utt tenkO ft ItnU, 
ptla scanner wit I utt til btnfct. 

If tny tddrttt It chtogtd In mtmjtddr.h, atkt turt tht tddrtts Ktrt 





Mitt bo Mtchod. 








OrtrttnkO: 


OxCOOlOO 


| 1M wof 


do votld 














Ortatenfcl: 


0x000000 


| IN W04 


>dt votld 


•* 












0re»Stnfc2: 


0x200000 


| IN wot 


roe vol Id 


•* 












OrtaatMIi 


Oxtooooo 


| 1N wo* 


pdt valid 













V 



r 

Ore* trot to ttoro tho I at go procott by UOtO length; 
•• Tho first 2 Iteat, 0W$*J*CJUf, wlU bo tho toao trot 

M to tht flngtr scanner and tho pots oconmr, 

•• QVJQffjtOCMMl wltt bo ttorod tftor oil tablet, then followad by 
'ItAXJfUCt.AOOI. 

V 

Jdtflno OtPCSO.OOC A tU» OxCOOlOO /• 0x100V •/ 



r 

The ordor of tho »C.»aaa*ITUi <U0*4>i 
•• for flngtr ecenner 
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/• 

Hlenoaoi loggloba.h 
•• Purpose! Otf Inltlon I vsrteblet to handle the loeges dUpley or capture 
on OtP/W. 

Detei 10/11/^3 

Authort Joyce Young 
•• levteedi 

- 11/02/93 - I lion Yu 

- 06707/94 - tllen Vu # Import ploten chtck function, odd dlrty_thr«thold 

ond d«ge_thre*hold to the le»ge_obJect_t structure. 
11/18/94 • JY # delete CJU»T_AiOST In copture.t; 

expend longth of lc_ne*w In ls»gt_obJect_t 
•• 12/21/94 • JY , odd CAPTJWU I CAPlJunjU* In c«pture_t 
•/ 

•include ••tdtypes .h- 

fi fndef IMCGLOtS.I 
ScteHr* INCaOtt.H 

\yp+d*f •nut cepturo_t 

< 

CJunjKHtCSPOMSf, 

CAH_SAVI1NG, /• IOU Of rUlM for finger, PAW ft NCei for pels •/ 

CAPTJUSSFNG, /* listing f lnger/h«nd •/ 

CAPTJAONC^TYPE, /* l*geg< type tnd finger •(un-tcntd •/ 

CAPTJWU, /• 4 reserved for A6N1 T_A80flT V 

CAPr.UVC.PAUl /• eeve PALM only; only utod by polo scanner ■/ 
) espture_t; 

/• 

If ftAX_NAMEJ.CN In scancomd.h expend*, Ic.nomo needs to expend too. 

•/ 

typodef etruet l«ege_ebject_t 

C 

Ic.cad; /• tOU, PtAlM V 

UIONC Ic.elte; /• eiieof ClMge_objQCt_t)/slseof <UtONC) •/ 

UlOdC 1c_*contypo; /• $TYPt_... V 
ULONC fejsqtype; /• IOU, PUIN or PALM •/ 

U.0NC Ic.ietj /• « of tfilfted fnege lot •/ 

IA0NQ U_eddr; /• the address of leege •/ 

ULOMC tc_noo»t11);/* convict none <4 chero/U0N€) V 
0X0*0 Ic.reservel; 

UIOIG lc_dlrty_thresnold; 

UUMO I cj*e*ege_ threshold; 
mONO Ic_reeerve2; 

U10MC Icjlag; /• the flog Indlcete til words written •/ 

V l«*«tobJeet_t; 



•endlf r INCCtPOajl •/ 
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r 

** Krpemi f met ton prototypal 

•• Oatoi 04*19-95 

Authon IUfO Tu 
•• NUtoryi 

V 



/• • grttatwr.c 

VOI0 ir,lt_gtp.|r*bb«r <VOI0>; 

VOID nim.0rtb.off ((Mot.typa.t cwra); 

V01Q tvrn_irobor< (iow.typt.t ciMn, U\\ frmmjim); 

VOID turn_gr »b_or«.nor»i I <l«wr*_trp*.t cmn, Int fr*ot. 

VOI0 MftJor.irtb.VBUIIX.ori.olf (VOID); 
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/• Mttoori Qi/tlOOO/gip/alNlo.h^v 1.0 08 Apr 1995 11:06:02 TON S •/ 
/• 

* Kogi Q:/t1000/oip/ala<o.hv $ 

Itv 1.0 00 Apr 1991 11:04:02 Ton 

* Initial rtvUlon. 

• Mv 1.1 26 Oct 1992 UtUtSO TON 

♦ oadod ala.flU oacUfotlono 

Itv 1.1 16 Oct 1992 01:52:10 TOM 

• Itv 1.0 16 Stp 1992 16i41i04 TON 

• InftUI rtvUlon. 

V 

•••••••••••••••wt 

MUi oUU.h 

definitions for acaory laogo it^Mnti 
only a-blt pUtla «ro allowed 



typedof atruet olaaaa C 

tnalamd ch.r /• addrtaa of f Irat alaaant of flrat row •/ 

* nt /? Increment In bytoa from row to rom •/ 

<«t v; /• fatac width •/ 

I™ /• lM0i htlght •/ 

> Ne- 
void alnjwwfNIM «d,una1gn*d char *«,lnt I, Int y,lnt h ); 
void ala_aubatt< NIN *$,NIN •d.fnt a, Int y.lnt w,1nt h >; 
void aUaovt( NIN *s # NlN «d >; 
void ala.aova_e< NIN NIN *d,lnt c); 
void Nla.op.oovf ( NIN U,M* «d ); 
««gntd char ••la - odr< NIN ••,!« xjnt y ); 
void ala_aU*( NIN ••, Int Int «h ); 
Int Nfajne( NIN ••); 
void alaJUK NIN »d, Int v ); 
void »la_f llt.cc NIN *d, Int v. Int c >; 
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Hlanaati fjpj^t.h 

Purport Poflnltlon 4 vorlobloo to hondto tho Ifiogto dLpUy or eopturo. 
Dotos 11/01/94 
Author i tUon tu 
Mlotoryi 

02/20/94 Joyco Youn», owiHy tho HINOWH offot 

06/03/94 Joyoo T***, odjuot tht offioc of iOU/PUlM ocllvo iMfto In 

H1M0IAM for no* board 
06/09/94 II Ion Tu, odd ibtflnt MOTOTTFI dlfforonco tho furd«ori 

prototype boord and othor nw rovtolor*. 



Ilfndtf CSPJKCIJI 
•doff no OftJNOiJi 



idoflno 
idoflno 
idtflno 
too Mm 
OdoHr* 
•Ifndof 
idoflno 
•doMno 
idoflno 
•dor (no 
idoflno 
idoflno 
ioloo 
idtflno 
idtflno 
idtflno 
idtflno 
icfcftno 



NIWIAMJUDJWQttS 
M|NDIANJlT_ITTfS 
«1IC0MA_MTC*.IT!it 
N1K0UA_MTCM.ItTS 
PtOTQTYH 

ft I KOftA* JtOi. l_C0t _V J>f 9%V 

ninowjhainjnujjd*fsct 

n ! ¥D*A*JIA 1 K^COC.V.Or F H T 

KiKOiAn.Pum^cot.t.orrscr 



2040 

(NlKOUH.VO.tTTCS / 4) 
1024 
2046 

<HlttAA*J>lTCM_tTT£S • 0) 



r 0«40O0 •/ 



3a 

24 

(NW0IA*Jt0U_COlJM)ffS6T • 4) 

31 

30 

(HtHOIAM.PUtllJOL.W.OffSCT • 4) 



NINDMNjra.a.OFFSET 32 
IUI©«AACOlJMWfS«T 24 

AlWtAftCO^I.OffUT IHIMOtM^COL^OMttT • 4) 
M I KO UMJ LA I i.COL _W_0F F t£ T 13 

Ml N0ftAM%L A 1 M.COL.I.Of F SCT ( ft I KOaAA.ttA I N.COL JJ.Of f $1 T • 4> 



idoflno CMVMNJtt.imi 
Odoftna CMVtAM.Nr.inCf 

adofino caivun.PtTCN.ams 

idoflno CUVRAM.ftTCN.aiTS 
idtflno DPYVUnMGJfTtf 

idtfim OMvw«jTjnes 
idafino oimAn.Nfcujms 

idoflno OPTVtAMPITCAUH 

idoflno tou.'iiaijms 

idoflno WXI^HCKJITI 

fdoflno lOU.fiMVlAft.MTCll 

idoflno tOU.OFTVtAA/ITCM 

idoflno IOCt.OT01.Viu 

idoflno PUli.PITCN.ama 

idoflno HAWJlWjm 

idoflno OIAIO.CIIVMUJITCN 

idoflno oUIO.WTVMH.oiTCa 

idoflno PUH_OVDI.VAL 



1024 
1024 
1024 

CCIIVIM.PITCll.ITUt o 8) 



1024 
1024 
1024 

(1024 • 6) 



/• 0*2000 •/ 



/• 0*2000 V 



1024 

(lOU.MTCMJtlTIS • •> 
(•<CaaVtANjtTCNjlft • 4)1 
COtTYtAM FITCW.OITS • 3) 

uuincjwuji • «> / *) «« w I owjouji - tan 

2040 

ctuM_tim.tnu • ft> 

(.{CaaVttll_FlTCM_im • 2)) 
<0FTV*AA PITCJI.aiTS) 

CClUC.oJliJ • 12) « 16) I {IHC.PUIII.W • 12) 
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CRASC, 
OftAU 
) TW.CPUJj 



typcdef enia 

( 

JCAJIJUT, 
SAVCJCEY 
> OYTYPIj 



typedef ontoi 

( 

tEAAjORCVtft, 

wr! rejourn 

> NCNjCff JCSUWf JYPf ; 

typedef ft* 

( 

UNPRCSSCO^IUTTOlf, 
?*CSU0JUTT<* 

> iUTTOM^OPCIJYPC; 



Attributes for text dUpleyed on icrwn 



typedef ttruct 

( 



•hort 


font; 


/* 


•hort 


f col or; 


/• 


•hort 


bcolor; 


/• 


■hort 


•poor*; 




•hort 


ypoen; 


/• 


short 


•Hon; 


/• 


•hort 


font J; 


/• 


•hort 


Untjt; 


/• 


chor 


••trptr; 


/• 


) SCIKlfJ; 





font Index of the talon Jont tobla •/ 
1 or «o round color •/ 
bockaround color ■/ 
x petition V 
y pool t I on •/ 

Allonotnt (reletlve to boiollno or toploft) 
height of font V 
width of teat string •/ 
teit string ptr •/ 



typedef etruct 

( 

iMgejvpej 

NAJOJTPf 

•conjypej 

ULONO 

UtfTC 

utnc 

) IJUCC JUIIJ; 



coner«; 

herd; 

fng_nu»; 

•tore_eddr; 

••rc^ecMr; 

•dit.oddr; 



iendlf /• Of* JIM J •/ 



\ 
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typ«M •nm 

< 

MCVJIOU, 

nivjusimc, 

nvtjo, 
wcvjusfhc, 
camjicpcat, 
captjuxt, 

tlACC.STMT, 

tOU.CONTlKUC, 
ftOU.US 
> tttACT.TTPf; 

UCNT. 
) HAMO.TVM; 
tytwcU* trvi« 



< 



•OUJUCKTJHUW, 


/• 0 •/ 


loiOiCMf.motx, 


/• 1 V 


10UJM6NTJIIODII, 


/• 2 V 


tOUjUOHTJUMC, 


/• J •/ 


•OUJUCKTJJTUi, 


/* 4 */ 


IOLL_UtT_TM*l. 


/♦ 5 V 


mu.U'TJwci, 


/• 6 •/ 


nou.unjuooti. 


/• r •/ 


lbu.lW.lfNG, 


r » •/ 


Mulitn.timc, 


/• 9 V 


rUIK.TWO.THUHIS, 


/• 10 (unsupported) •/ 


HAM JMCiH, 


/• 11 •/ 




/• 12 V 




/• 11 V 




/• H •/ 


nAltJfctGKT.TMM. 


/• 1$ •/ 




/• 16 •/ 



ut«r -Ml«ct«J typt of th« k«y pr«icd or contend lor fftifle ctpjtrt 

•/ 

typockf own k«ytypt_t 

< 

wi.tonjcfT, 

ftCLcJsCJOUtJGET, 
tlUAIf.UVl.UT, 

typodtf 



f 
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/« 

•• MlmiMi |ip>U.h 

•• Kirpoeei ^define In W application. 

Dece: M*0J-f5 

Authort Ctl*n tu 
•• MUteryi 

•• 01-31*94 Joyci Young, Chang ad th« erc.eddr 4 dst_eddr In IHACC.AUNJ •« 
potnt«r 

02-25-94 Joyce Yang, Added the fnfl.nuei In IHAGC.ATYNJ 
04-01-94 Joyce You*, support KAHJt In WOE. TYPE 
12-19*94 (lion Yw, reerove tarn* unueed define 

•/ 

•ifndaf CSP_D£MJI 
•define CSP.PiMJi 

einetud* •l«»#_dafe.h* 
•include ••cancxwd.h" 

edeflne NUll 0 

inline fAlSE 0 
•define TlUC 1 

/• 
•• 

V 

•define XH 0*0002 
•define Nil 0x0200 
•define INT IN OiOOOO 
•define I NT OUT 0*0060 

•define II TO OiOl 

•define IIT1 0*02 

•define IITl 0x04 

•define IITJ OmOO 

/• 

V 

typedef enue 

( 

WDI^UIN, 

•N30I.CINH. 

MODCJUfttOU, 

feXt.UUUm, 

Noof^uemoco, 

N0Ot^UCtNOU)1 # 
MOC.tOtLNOLO, 

rcoe.KocLNOcoi, 

WDl.lJnNANO 
) MQOf.TYH; 

typedef *** 

( 

riNCU.ucfNO. 

rexi_lttt«0 
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/* 

•• «ott for Crab U •n*bl*d (IITO boc»» 0) 
•/ 

Uhll« ( (("(USTTC •)CUI8U_CTIiq.MSC) It)) 
I 

for < U ■ 0; li < froflttM* U~ ) 

uMU < l(<*<U«YTe •)CAAMCJI_CTftlO_«ASC) 4 2) ) 

Mfltlt ( ({*(UITTC *)GftAM€ft_CmO_tAS£) ft 2) ) 

« 

> 

f«ndW 

) /• tum_orib_on_nor»ol •/ 



/ / 

/• 

•• wait for tht VI LAN C start on and off 
•/ 

VOID M«1tJor_9rftb_VllAMK_on_off (VOtO) 
( 

• llc<*# QliAftU.CIUI 

Mhlio ( I(('(UITU •)G«AlftEI_CmO_tASI) 4 2) ) 



Utile ( (C<U»TH MCA*M£*_Cm0_iA$O ft 2) ) 

# 

Nndff 

) /• wtttJor_gr«bjrUAi<iC_anj>f f •/ 



/• tod of wtibmr.c •/ 
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The present invention has been described in terms 
of preferred embodiments. The invention, however, is not 
limited to the embodiments depicted and described. 
Rather, the scope of the invention is defined by the 
appended claims. 



WO 97/41528 



PCT/US97/07427 



-80- 
CLAIMS; 

1 1. A method of reducing smear in a rolled 

2 fingerprint image represented by a rolled image array, 

3 comprising the steps of: 

4 sequentially generating frames of an optical 

5 image signal which includes data values characteristic of 

6 light intensities of corresponding locations of an 

7 optical image, wherein the optical image includes a 

8 fingerprint image of a finger rolling on a surface; 

9 determining, for each frame of the optical 

10 image signal, a freeze column representing a line 

11 positioned between leading and trailing edges of the 

12 fingerprint image and oriented transverse to a direction 

13 of roll of the rolling finger; 

14 sequentially updating an interim array that 

15 is an accumulation of the frames of the optical image 

16 signal and characteristic of an interim image of a rolled 

17 fingerprint, a current update of the interim array being 

18 formed by reducing pixel values of the interim array by a 

19 portion of the difference between corresponding data 

20 values from a current frame of the optical image signal 

21 and the pixel values of the interim array if the 

22 corresponding data values of the current frame of the 

23 optical image signal are less than the pixel values of 

24 the interim array; and 

25 generating the rolled image array by 

26 transferring portions of the interim array to the rolled 

27 image array, wherein the transferred portion of the 

28 current update of the interim array extends forward in 

29 the direction of finger roll from the freeze column 

30 determined from a preceding frame of the optical image 

31 signal that preceded the current frame of the optical 

32 image signal. 

1 2. The method of claim 1, wherein the 

2 transferred portion of the current update of the interim 
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3 array includes data characteristic of a portion of the 

4 interim image up to approximately the leading edge of the 

5 rolled fingerprint of the interim image. 

1 3. The method of claim l f wherein the 

2 transferred portion of the current update of the interim 

3 array extends up to approximately the freeze column 

4 determined from the current frame of the optical image 

5 signal . 

1 4. The method of claim 1, wherein the freeze 

2 line represented by the freeze column determined from 

3 each frame of the optical image signal is positioned at 

4 least approximately half a distance in the direction of 

5 roll between the leading and trailing edges of the 

6 fingerprint image . 

1 5. The method of claim 1, wherein the freeze 

2 line represented by the freeze column determined from 

3 each frame of the optical image signal is positioned- more 

4 than half a distance in the direction of roll between the 

5 leading and trailing edges of the fingerprint image. 

1 6. The method of claim 1, wherein a first 

2 transferred portion of the interim array extends rearward 

3 in the direction of finger roll from approximately the 

4 freeze column determined from a first frame of the 

5 optical image signals. 

1 7. The method of claim 6, wherein the first 

2 transferred portion of the interim array is 

3 characteristic of a portion of the interim image forward 

4 in the direction of roll from about the trailing edge of 

5 the first interim image. 
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1 8. The method of claim 1, further comprising 

2 initializing pixels in the interim array with maximum 

3 values . 

1 9. The method of claim 1, further comprising 

2 initializing the interim array with data values of a 

3 frame of the optical image signal. 

1 10. The method of claim 1, further comprising 

2 saving the rolled image array after transferring the 

3 portion of a final interim array to the rolled image 

4 array . 

1 11. The method of claim 1, further comprising 

2 displaying a rolled fingerprint image represented by the 

3 rolled image array on a display device as it is 

4 generated. 

1 12. The method of claim 11, further comprising 

2 decimating the transferred portion such that the rolled 

3 image array has fewer pixels than the interim array. 

1 13. The method of claim 1, wherein sequentially 



2 updating the interim array includes updating the interim 

3 array in real time as frames of the optical image signal 

4 are generated, and wherein generating the rolled image 

5 array includes transferring a portion of the interim 

6 array to the rolled image array in real time as the 

7 interim array is updated. 

1 14. The method of claim 1, wherein the 

2 transferred portions of the interim array are adjacent 

3 and non-overlapping. 
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1 15 . A method of generating a rolled fingerprint 

2 image array characteristic of a rolled fingerprint image/ 

3 comprising the steps of: 

4 generating a series of frames of an optical 

5 image signal characteristic of an optical image of a 

6 finger rolling on a surface at sequential times, wherein 

7 the frames include data, the value of each datum being 

8 characteristic of a light intensity of a corresponding 

9 location of the optical image of the rolling finger; 

10 determining a freeze column from each frame, 

11 wherein each freeze column is representative of a 

12 position between leading and trailing sedges of the 

13 corresponding optical image of the rolling finger; 

14 sequentially updating an interim array in an 

15 image memory with the frames as they are generated, the 

16 interim array being characteristic of an interim image of 

17 a rolled fingerprint that has a leading edge and a 

18 trailing edge, including first updating the interim array 

19 by transferring a first one of the optical image signals 

20 to the image memory, and then further updating the 

21 interim array by reducing pixel values of the interim 

22 array with a portion of the difference between 

23 corresponding data values of a current frame and the 

24 pixel values of the interim array if the corresponding 

25 data values of the current frame indicate a darker image 

26 than the pixel values of the interim array; 

27 associating the freeze columns determined 

28 from the frames with corresponding updates of the interim 

29 array; and 

30 sequentially updating the rolled fingerprint 

31 image array in an output memory with the updates of the 

32 interim array by sequentially transferring a portion of 

33 each update of the interim array to the output memory, 

34 including transferring a portion of the first update of 

35 the interim array that extends in a direction of finger 
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36 roll rearward from approximately the freeze column 

37 associated with the first updated interim array, and then 

38 transferring a portion of a subsequent update of the 

39 interim array that extends forward in the direction of 

40 finger roll from approximately the freeze column 

41 associated with a preceding update of the interim array. 



1 16. The method of claim 15 , wherein the 

2 transferred portion for a subsequent update of the 

3 interim array extends forward only to the freeze column 

4 of the subsequently updated interim array. 

1 17. The method of claim 15, wherein the 

2 transferred portions of sequential updates of the interim 

3 array are adjacent and non-overlapping. 

1 18. The method of claim 15, wherein the 

2 transferred portions of sequential updates of the interim 

3 array are adjacent and do not overlap rearward in the 

4 direction of finger roll from the freeze column 

5 determined from the preceding optical image signal. 

1 19. A device for reducing smear in a rolled 

2 fingerprint image represented by a rolled image array, 

3 comprising: 

4 an imaging system for sequentially generating 

5 frames of a series of electronic signals characteristic 

6 of an optical image that includes a fingerprint image of 

7 a finger rolling on a surface; 

8 means for sequentially generating frames of 

9 an optical image signal in response to the electronic 

10 signals, each optical image signal including data, the 

11 value of each datum being characteristic of a light 

12 intensity of a corresponding location of the optical 

13 image; 
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14 an image capture system responsive to the 

15 optical image signals for sequentially updating an 

16 interim array characteristic of an interim image of a 

17 rolled fingerprint that has a leading edge and a trailing 

18 edge, a current update of the interim array being formed 

19 from a preceding update of the interim array and a 

20 current frame of the optical image signal by reducing 

21 pixel values of the preceding update of the interim array 

22 with a portion of the difference between the 

23 corresponding data values of the current frame and the 

24 pixel values of the preceding update of the interim array 

25 if the corresponding data values of the current frame are 

26 characteristic of darker images than the pixel values of 

27 the preceding update of the interim array; 

28 means for determining, for each frame of the 

29 optical image signal, a freeze column representing a line 
3 0 positioned between leading and trailing edges of the 

31 fingerprint image and oriented transverse to a direction 

32 of roll of the rolling finger; and 

33 means for generating the rolled image array 

34 by transferring a portion of the current interim array to 

35 the rolled image array, wherein the transferred portion 

36 of the current interim array extends forward in the 

37 direction of finger roll from the freeze column 

38 determined from a preceding frame of the optical image 

39 signal that preceded the current frame of the optical 

40 image signal, 

1 20. The method of claim 1, wherein the current 

2 update of the interim array F 1 is formed according to the 

3 relation: 

4 F n = F n " x - K* (F n i - I n ) , 

5 where is a pixel value of the current update of interim 

6 array, P"" 1 is the pixel value of interim array, I n is the 
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7 corresponding data value of the optical image signal, and 

8 K is a factor less than or equal to one. 

1 21. The method of claim 20, wherein K is in a 

2 range of 0.25 to 0.5. 

1 22. The method of claim 20 , wherein K is 

2 approximately 0.33. 
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